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Abstract 
The 'soft metrics' project was a defence industry sponsored research activity undertaken to 
develop project performance analysis and control capabilities for systems engineering operations 
within BAE SYSTEMS. The 'soft' focus of this work addresses the less 'tangible' human and 
organisational factors that influence project effectiveness as measured by key contractually- 
determined cost, quality and time parameters related to delivery of the product. The key research 
objectives were: 1) to investigate the nature and influence of soft performance issues in projects, 
2) to explore the extent of existing research and development knowledge for control of soft factors, 
3) to develop an appropriate practical approach to the analysis and measurement of soft issues 
with tools to support project performance management efforts, and 4) to make a feasibility case for 
the research product through application and validation in operational case projects. 
The research approach involved in-depth, qualitative study of four relevant case projects 
undertaken to define the industrial context for application, support an iterative development 
process and validate the results of development efforts towards the specification of an integrated 
soft metrics tool and approach. An industry scoping study and detailed review of relevant research 
and operations management literature revealed a gap in current project management metrication 
practices regarding soft factors analysis and measurement capability. Building upon existing 
sociotechnical performance factors models an applied Human and Organisational Performance 
(HOP) modelling framework was developed for the representation of dependencies between 
#upstream' process indicators and 'outcome' effectiveness criteria in a systems engineering project 
context. Review of human sciences research literature and subsequent refinement through case- 
based investigation led to the identification of over 100 potential human and organisational 
performance variables with which to populate the HOP model, representing a variety of 'soft 
issues' known to influence performance in industry project based operations. Implicated factors 
were associated with issues relating to: team composition, human knowledge and experience, 
work group climate and cohesion, functional autonomy, task and goal characteristics, human 
workload, motivation, stakeholder communication and project management decision-making 
processes, amongst others. A variety of soft metrics and techniques for quantification of these 
factors were developed through a multi-facet approach to measurement that involved 
decomposition of broad, higher-level variables into specific sub-factors. Appropriate subjective 
judgement-based items and objective criteria were defined to numerically quantify variance in 
specific sub-factors. 
To provide a practical, integrated solution an application process with detailed sub-activities was 
developed to allow project management teams to identify and analyse 'soft' performance problem 
issues and select appropriate soft metrics for proactive monitoring and control within the project's 
lifecycle. This process was subsequently successfully implemented in three systems engineering 
case projects. Through implementation of a structured approach in focus groups, project 
managers reported they were able to identify and reason about complex human and organisational 
factors that had previously been managed intuitively, and relate them to specific effects upon 
project performance outcomes to support risk assessment. A variety of performance-critical 
'system preconditions' were identified and linked to key outcome objectives within the HOP 
modelling framework, through their impact upon specific human activities or'behavioural' variables 
that represented human performance in the project work environment. In terms of feasibility, 
project work groups reported that the soft metrics approach was of potentially high utility in 
supporting performance control through project planning, work process improvement efforts and 
project performance review activities, providing that practical issues associated with the level of 
effort currently involved in the implementation of the prototype tool were resolved. This work 
highlights metrication of human and organisational factors in projects as an important and viable 
area for future research work to support enhancement in operations performance management 
capabilities. 
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Section I 
INTRODUCTION 
This thesis reports research work undertaken to develop and apply a framework for the 
analysis and measurement of human and organisational performance factors within systems 
engineering projects. The area related to the application of measures of human and 
organisational determinants to monitor performance is known as 'soft metrics' in the applied 
project management environment. In introducing the work reported within this thesis, the 
following sections outline the project's background, key research objectives, rationale for the 
research methods selected and culminate in an overview of the structure of the thesis. 
1.1 Background to the project 
The Soft Metrics Research Studentship for this project was jointly funded by an academic, 
industrial collaborative arrangement, as part of the Industrial CASE scheme. The award itself 
was held between April 2001 and April 2004. BAE SYSTEMS was the host organisation in 
collaboration with the EPSRC. The CASE scheme allows industrial organisations to sponsor 
research in areas directly related to commercial and industrial interests as well as forging links 
with academic departments to facilitate the applicability of research in a particular industrial 
domain. The CASE research student is jointly supervised both by academic and industry 
sponsors and receives direct access to the industrial environment in which the research is to 
be applied. 
As an industry-sponsored project, the Soft Metrics work was subject to both academic and 
industrial requirements from BAE SYSTEMS. Access was provided to BAE SYSTEMS 
operations (systems engineering and development projects, personnel, research networks 
and documented working-practices) for the purposes of establishing a clear context for 
application and to provide case projects to scope and validate the research output. Technical 
progress and issues arising within the project were reviewed and managed from the academic 
perspective by project supervisors at Loughborough University, and from the integrated 
industry-academic perspective through the Systems Integration Consortium (SIC) research 
1 
network, which was set up by BAE SYSTEMS in 1999 as a forum for discussion of related 
research areas of interest to the organisation's operations. The SIC reported to a steering 
group that comprised lead industry and academic research and development sponsors. This 
body was responsible for the governance of several specific Industry-academic partnership 
projects aimed at developing BAER SYSTEMS operational capability for future technological 
and commercial advantage. Loughborough University's participation Involved a portfolio of 
related research projects, of which the soft metrics; work was one, linked by the theme of 
organisational capability acquisition. The work reported within this thesis was therefore 
conducted with the oveniding aim of developing specific operational capability for practical 
project management and control systems in BAE SYSTEMS, with the specific focus of work 
relating to the area popularly known within the engineering management domain as "soft 
metricsm: the measurement of uncertain human and non-technical "process" Issues that 
impact upon operational performance. 
1.2 General Research Objectives 
The metrics; project was 'proof of concept' in nature, designed to deliver knowledge regarding 
the feasibility and potential costs/benefits of a soft metrics program, rather than a fully 
deployed and operational solution in the applied industrial environment identified for this work. 
The soft metrics research question is a relatively new area of research, requiring 'proof of 
concept' study to be performed first before significant resources are committed to 
development and integration of a soft metrics program within industrial operations. The 
research area itself may therefore be regarded as novel, with current practical knowledge 
regarding a soft metrics operational capability in project management and control activities 
being relatively immature. As with all conceptual development projects, the project opened 
with broad requirements that were updated throughout the course of the project, as more was 
learnt about the research topic, application environment and feasibility of the proposed 
solution. Defining the exact requirements and specific functionality for a metrication system 
and process was therefore part of the research undertaken and not a starting condition that 
could be specified with any great degree of certainty at project onset. 
The project adopted a case-based, iterative development approach that sought to deliver 
successive appro)(imations of the work product for validation and feedback, throughout the 
project's course. The specific requirements that were developed during the course of the 
project are outlined in section 2.4 of this thesis. By way of an introduction to the research 
reported in this thesis, the broad overriding research objectives that represent the main areas 
of interest for the soft metrics; project are summarised in figure 1.2a below. 
2 
Main researc4 objectives 
1 Identify 'soft' Issues Impacting upon project performance 
2 Explore current best practices for analysis, measurement and control of human and 
organisational variables In projects 
3 Develop practical approach and tools for analysis and measurement of soft Issues In 
projects 
4 Make utility and feasibility case for soft metrics concept and tools 
Figure 1.2a: Main research objectives tbr soft metdcs research project 
1.3 Research approach and method 
In addressing the research approach and methods employed within the soft metrics project, 
the following sub-sections consider the underlying 'systems' research paradigm and the 
nature and sequence of research activities undertaken during the course of the project. In 
addition to these issues, this section also states the rationale for the principal means of data 
collection and analysis within the project. 
1.3.1 Research paradigm: a 'systems'approach 
In an introductory text to the social science of organisational behaviour, Buchanan and 
Huczynski (1997) offer some consideration to the difficulties of applying an empirical, natural 
sciences approach to the study of social phenomenon. Alternative methods are therefore 
warranted, as social and human variables within complex socio-technical systems are 
typically difficult to quantify and often cannot be adequately expressed numerically. The 
result is an increased reliance upon the observer's judgement, intuition and understanding of 
the situation that forms the context of the study. 
Several authors (e. g. Checkland & Scholes, 1990; Senior, 2002) advocate a 'soft' systems 
approach to cope with the problems associated with soft complexity in socio-technical and 
organisational systems. Checkland (1999) states that the systems discipline is an alternative 
approach to the reductionist methods employed in conventional science's experimental 
paradigm, for application in instances which display 'organised complexity, such as in whole 
organisational and social system entities. Empirical reductionist approaches seek to reduce 
complex phenomenon to the operation of a series of simple, controllable and measurable 
3 
variables with the aim of achieving scientifically reproducible results. In contrast, systems 
thinking acknowledges that complex Interactions take place between many conditions within 
and beyond the boundaries of a system. The resulting 'emergent' behaviour Is difficult to 
causally model without adopting an all-encompassing view of the whole entity and critically 
considering where to draw the boundaries between what to Include In the systems model and 
what to leave out. Checkland states that 'systems thinking' is a more appropriate tool for 
application in management science and for the study of complex human society and human 
activity or work systems, which display characteristics of organised complexity. 
An important issue derived from the study of organisational complexity Is that modem 
organisations are complex systems that display high levels of tightly coupled, Interdependent 
elements (Perrow, 1984). High dependency therefore eAsts between an organisational 
systems' social and technological components-, characteristics associated with human 
elements, the organisation of work and the more tangible structural or technological elements 
are integrated within cohesive work systems within the organisation. A second important 
aspect of complex systems is that their behaviour Is characteristically non-linear, sometimes 
discontinuous and therefore essentially unpredictable. The resulting systemic complexity 
means that organisational systems are often opaque to organisational developers who 
possess the task of intervening in the functioning of the broader system in order to effect 
some change or improvement that will deliver enhancements to existing outcome 
performance or establish some new performance capability, without adversely affecting other 
aspects of organisational functioning. Problems such as these are subsequently 
compounded when organisational development efforts are aimed at the medium to long term, 
due to the non-static nature of organisational systems. 
In response to these considerations, an 'action research' methodology was employed within 
the soft metrics project (e. g. Saunders et al, 2000). Inherent in this approach, the researcher 
is acknowledged as part of the social system in which the research is designed to effect 
change. Through operating within the applied environment the research product can be 
developed with fuller knowledge of: 1) specific requirements and need within the application 
domain, 2) social and political implications of the proposed change, and 3) opinions and views 
of the end-users. This perspective in effect allows the researcher to develop knowledge of 
the entire sociotechnical system that forms the area of study for development through 
networking and in-depth qualitative study afforded by contact with individuals within the 
organisational system of interest. Close ties to the target application environment also ensure 
the availability of feedback and potential case scenarios in which to test the developed 
solution at intermediary stages of the project, supporting iterative development. 
4 
1.3.2 Research process and key activities 
The general course of the soft metrics research activities undertaken within this project was 
iterative in nature, based upon production of successive approximations of the end product 
which were validated and offered for feedback In the operational environment In which the 
work was conceived to apply. Figure 1.3.2a below depicts the main logical workflow between 
specific activities undertaken during the course of the project to achieve its main research 
objectives. The diagram depicts the main iterative processes and feedback loops in addition 
to the main workflow within the project plan. Consequently, the research process was not 
specifically linear in nature and had to be flexible to respond to opportunities In the applied 
operational environment. Simultaneous activities were therefore performed and earlier 
phases of the project revisited to further refine the output of the research work in light of new 
knowledge that became available. 
A) FORMULATE & CLARIFY SOFT METRICS 
RESEARCH PROBLEM 
" Establish research requirements .4 
" Establish functional requirements .4 
" Identify stakeholder and user group 
" Develop research approach 
" Develop research plan 
B11) PERFORM CRITICAL LITERATURE REVIEW B2) CONDUCT INDUSTRY SCOPING STUDY 
- Identi human and organisational performance Defin factorsind influences researcVpplicaton 
context for Soft Metrics 
" Identify appropriate e xisting measures Identify need for Soft 
Metrics research 
" Critically appraise existing human and Identify current operational capability and 
organisational performance models working practices 
C) DEVELOP SOLUTION 
" Develop applicable human and organisationall measures 
" Develop generic human and organisational performance model 
" Develop modelling approach for mapping performance Influences 
" Develop process for application of soft metrics tools 
DI) THEORETICAL VALIDATION 
Theorelical applicabon of human and 
organisabonal performance model and 
framework 
D2) INDUSTRY CASE-BASED VALIDATION 
Practical application of HOP model, framework 
and soft metrics in Industry case projects 
- Capture evaluative data 
E) DATA ANALYSIS AND INTERPRETATION 
- Qualitative and quantitative analysis 
I 
---Oo MAIN WORK FLOW F) DRAW CONCLUSIONS AND CAPTURE 
-0, FEEDBACK/ 
KNOWLEDGE GAIN 
r1ERA11ON - Make feasibility case for soft metrics tools 
- Report and disseminate research fridings 
FigUre 1.3.2a: Research process and key activities 
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The main sequence of workflow within rigure 1.3.2a represents a logical sequence of 
activities or project phases designed to build upon the achievements of previous stages. The 
initial activity (activity 'N in the figure) involved formulation and clarification of the problem the 
soft metrics research project was attempting to address, through establishing broad research 
and specific functional requirements, Identification of a defined user-group and system 
boundary and development of a clear research plan with defined Intermediary objectives 
represented by 'deliverables' submitted to Industry for comment and feedback. Following 
initial specification of objectives, base research activities were performed Including critical 
review of relevant literature (activity 131) and execution of an industry scoping study (activity 
132). The literature review activity involved building a clear knowledge base representing 
industry best practices and current academic knowledge for the soft metrics area, through 
identification and analysis of existing applied approaches and research findings. The industry 
scoping study utilised an available ongoing capability development project within BAE 
SYSTEMS to Identify the application context and need for the soft metrics work product. Both 
activities fed back into definition of the research requirements, as new knowledge was 
uncovered representing what it was feasible to achieve through the research effort. The 
scoping study also provided an environment in which to gather evidence of the validity of 
potential human and organisational performance variables identified through the literature 
review and was subsequently used to refine the focus of the literature review. 
Following the initial activities outlined above, the process of iterative development of a 
potential solution to the research problem began (activity 'C'), based upon experience within 
the scoping study and findings from the literature review concerning the current knowledge 
gap in existing research. This activity represents the development of soft metrics and an 
approach to analysing soft issues in industry projects. Experience Within the research work 
undertaken generated key development issues that were again used to feed back into the 
requirements for the project as new knowledge was gained regarding what it was practical to 
achieve within the scope and constraints of the project. The output from the development 
activities undertaken within the project was validated at various stages in two main activities. 
Theoretical validation (activity 'D1') involved a conceptual exercise in which the emerging 
approach was applied to a hypothetical scenario, based upon known human and 
organisational processes, in order to assess its adequacy for dealing with traits that might be 
encountered in an operational environment. The theoretical validation activity therefore 
represents assessment of the emerging tool and proof of the concept from an expert 
knowledge perspective, based upon its applicability to processes defined through review of 
existing research and expert knowledge in the area. 
The industry case-based validation activity (activity 'D2') represented application and 
evaluation of the emerging tool and associated methods within three operational industrial 
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projects, in order to assess fitness for purpose, effectiveness and practical feasibility. This 
activity represents the main means of capturing usability and evaluative data for the soft 
metrics project that fed into data analysis and Interpretation activities (activity 'C'). Both 
quantitative and qualitative data were captured and analysed during this process in order to 
make a clear proof of concept case for the emerging metrics tool and approach, which could 
then be used to further develop the research product according to experience within 
operational projects and during theoretical validation. Finally, overall conclusions were drawn 
and the knowledge gained as a result of experiences within the soft metrics; research project 
was considered (activity'D). During this final phase of the project, reported research findings 
were related specifically back to the project requirements and initial problem statement, in 
order to assess what had been achieved. 
1.3.3 General methodology and rationale for case-based approach 
The principal research method employed within the soft metrics project was In-depth study of 
relevant case scenarios. Consideration of several issues was relevant in the selection of this 
approach as appropriate. The intangible, ambiguous nature of many human-related variables 
in the work place means that they are not easily observable and hence difficult to 
operationalise and define in measurable criteria compared with 'harder, technical parameters. 
Social research involving the study of motivational factors, perceptions and knowledge 
requires specific knowledge of the application context and extensive contact with the 
individuals that form the focus of study. Human systems are dynamic rather than static, with 
changing membership and organisation. Social environments, such as those found within 
organisations, are unique and complex situations which confound attempts to generalise 
knowledge relevant in one setting to another and make interactions between variables 
complicated and opaque to the external observer. The result of such complexity in 'soft' 
variables is often profound problems, of interpretation, which may be confounded when the 
researcher adopts an empirical, reductionist methodology that ignores qualitative evidence 
that establishes the exact nature of cause and effect relationships and that explores observed 
phenomenon in depth. 
What were predominantly qualitative methods were selected as appropriate for research 
activities executed within the context of the soft metrics research project. This decision was 
made on the basis of several practical and theoretical considerations. As industry-sponsored 
research, a clearly defined context for application of the soft metrics research product was 
identifiable. The soft metrics research project aimed to prove the concept and validity of soft 
metrics tools for support of performance control processes in the specific environment 
represented by BAE SYSTEMS' project operations. From this perspective an in-depth 
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prototyping development process was necessary to demonstrate the feasibility and utility of 
the research product and large-scale, cross-sample quantitative analysis to determine the 
generalisability of emerging soft metrics tools and techniques was considered unwarranted, 
where in-depth qualitative analysis of applicability within the target environment was feasible. 
Accordingly an in-depth qualititative case-study approach was adopted due to ready 
availability of specific projects through the Industrial sponsor and limited opportunity for 
Identification of a large-scale sample. 
Due to the highly interdependent nature of potential performance variables in complex 
sociotechnical systems, adopting a holistic 'systems perspective' In establishment of a 
research approach was considered important. Such an approach does not seek to reduce 
what are complex functional processes and behaviours to the operation of a limited set of 
'experimental' variables, but adopts a multivariate approach to account for emergent 
properties and complex Interactive processes within more comprehensive systems models. 
The focus upon sociotechnical factors in broad organisational systems requires a multitude of 
factors and influences to be considered and qualitative methods were selected as appropriate 
for this aim, due to the requirement for large-scale samples in robust multi-factor statistical 
applications. 
As artefacts of the functioning of human activity systems, soft issues are predominantly 
associated with subjective human experience of the working environment and perceptual 
processes. Appropriate methods of study identified therefore include in-depth knowledge 
elicitation methods implemented through structured interview and focus groups, rather than 
broad quantitative survey-type measures. Soft performance issues in projects are 
idiosyncratic and context-specific in nature, requiring more explorative, action research based 
approaches rather than prescriptive quantitative methods, which anticipate specific issues. 
The aim for the development of soft factors support tools was therefore comprehensiveness in 
coverage of potential human and organisational issues that might arise in varied operational 
scenarios rather than focus upon a specific human or organisational issue. 
Due to the issues raised above and the necessity to develop practical approaches and 
methods applicable within a specific applied context as represented by the operations of the 
industrial sponsor of the soft metrics work, a case-based methodology was employed 
extensively throughout this project. As the application context was predefined, the soft 
metrics research effort could focus upon a number of specific industry scenarios for in-depth 
qualitative analysis, as opposed to adopting a cross-sectional, large-sample research 
approach. During the case studies, a variety of methods were employed including focused 
group discussions, qualitative analysis of text recorded from comments made during the case 
studies, quantitative data collection against set items and open-structured exercises which 
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allowed participants to try out various features of the emerging soft metrics tool and attempt to 
analyse performance processes within their own projects. Qualitative data was recorded 
extensively throughout the validation exercises and later analysed for themes relating to 
defined topics of interest, as specified from a list of important constructs or variables identified 
from the literature review, for development of both the features of the research product and 
evaluation of its effectiveness. 
Figure 1.3.3a below illustrates how an evidence base supporting the features of the 
developing soft metrics tool and approach was built based upon specific validating data. As 
will be outlined later in the thesis, the emerging tools and approach representing the proposed 
solution to the soft metrics research problem comprised three key functional products: A) a 
human and organisational performance modelling framework (or HOP model) with sample 
performance factors linked to B), a set of metrics and measurement methods for quantifying 
soft factors, and C) a structured application process for analysis and measurement of soft 
issues within operational projects. 
Evidence Sources Research Products 
1. Theoretical Research Develop 
Literature review, sest practices, EAIHOP Mode I 
t': -L 
conceptual modelling exercise 
FORMULATE 
2. Scoping Study 
Industry-based intemal capability 
development project 
3. Application Pilot Study 
Industry-academic partnership 
systems development project 
VALIDATE 
4. Validation Case Studies 
3 Industry-academic partnership 
systems development projects 
Develop 
Apply 
Develop 
Apply 
Develop 
z_- B. Soft Mzetries 
t Set 
Application 
Process 
Figure 1.3.3a: Soft metrics research evidence base 
In the formulative stages of the soft metrics research project that culminated in initial 
specification of the research product, theoretical research and early industry data provided the 
main evidence sources for the validity and feasibility of the emerging tool. Theoretical 
information from the literature review, existing industry best practice guides and an early 
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conceptual modelling exercise all contributed to development of the Initial versions of the tool. 
A scoping study employing an industry-based capability development project was used to 
define key functional attributes and application context for the proposed solution. Following 
later iterative cycles that saw the metrics tools and approach developed to a more mature 
operational status, case-based evidence was employed extensively to validate the research 
product, using evidence gained from an application pilot study to refine and justify the features 
of the process by which the tool would be applied in actual case projects, followed by 
execution of three detailed case-studies using industry projects. These latter case studies 
involved application of the soft metrics tool and approach to analyse and measure soft 
performance processes within systems engineering case projects of interest, and capture 
feedback and evaluative data concerning the tools feasibility and effectiveness. The four 
research activities depicted within rigure 1.3.3a therefore represent the key evidence base for 
justification of the soft metrics tool and approach in its final form. Relevant information and 
data collected within each of these four activities will be discussed throughout this thesis. 
As industry-sponsored capability development projects, the case projects used to validate the 
soft metrics research approach and emerging tool were themselves operational and 
performance-cAtical projects subject to a social and political context that involved multiple 
stakeholders with different interests and perspectives on the outcomes of project activities. 
The soft metrics work itself represents an attempt to develop formalised and reliable methods 
for the analysis and reporting of soft issues that may affect project performance for project 
management and control, but no such formal method currently exists and subjective opinions 
of project personnel is therefore relied upon in the qualitative studies reported later in this 
thesis. As such, the information gained from executing the metrics tool validation processes 
for individual case projects must be treated with a degree of sensitivity and absolute 
confidentiality to preserve the trust inherent in the industry-academic partnership and as was 
evident from the willingness of respondents to give frank and honest accounts and opinions of 
human performance issues. 
In executing the validation process during the actual case studies, concerns over the 
confidentiality of some of the response items were respected and the researcher sought 
guidance from respondents regarding permissible use of data obtained during the validation 
exercises. In reporting the findings from the case studies, where possible qualitative accounts 
of performance factors and issues are summarised to apply upon a more generic level and 
exclude project-specific details that might allow the identification of the specific case project in 
question or the views and opinions of specific individuals. Where it is necessary to present 
non-aggregated project-specific data, projects will be coded as 'Systems Engineering Project 
I-T, e. g. SEPI, SEP2, etc. to preserve anonymity in the results. 
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1.4 Overview of thesis structure and content 
Where possible this thesis follows a logical structure based upon historical development of the 
proposed soft metrics solution. Following an introductory preamble to the topic area, the 
principle methods and alms are detailed, followed by an account of the literature reviewed. 
Conceptual refinement towards an applied approach is then summarised followed by case- 
based results from application of the solution, discussion of issues raised by the study and 
summary of overall conclusions. 
Through the necessity to present the reader with a logical, linear report of knowledge gained 
from undertaking the soft metrics; research project, each individual section within this thesis 
may report the results of more than one research activity and provide evidence of knowledge 
gain against multiple project requirements. By way of an introduction to the structure of the 
document, figure 1.4a below relates each main section of the thesis to the key research 
activities it reports (as summarised in figure 1.3.2a above) and the key project requirements 
with which it may be associated (discussed in section 2.4). 
Key research Key project requirements Thesis section activities answered reported 
2 Research context and A) Formulate and clarify Specifies all project requirements in detail 
alms soft metrics research 
problem 
3 Literature review 131) Perform critical 1a) Define possible human and organisational 
literature review performance factors and key mechanisms of 
influence 
2) Explore current best practices for analysis, 
measurement and control of human and 
organisational variables in projects 
4 Conceptual development 132) Conduct industry 1b) Investigate presence and impact of human 
scoping study and organisational factors in operational 
C) Develop solution industrial projects 
D) Theoretical validation 3b) Develop integrating human and 
organisational performance model for 
representation of causal influences affecting 
project performance 
5 Applied human and C) Develop solution 3) Develop practical approach and tools for 
organisational analysis and measurement of soft issues in 
performance model and projects 
metrics 
6 Validation process C) Develop solution 3c) Develop application process for analysis of 
soft issues in projects and selection of 
appropriate metrics 
7 Results and analysis D2) Industry case- 1b) Investigate presence ana impact of human 
based validation and organisational factors in operational 
E) Data analysis and industrial projects 
interpretation 4) Make utility and feasibility case for soft 
metrics; concept and tools 
8 Discussion of key F) Draw conclusions Discusses research findings against all project 
research findings and and capture knowledge requirements 
Issues 
Figure 1.4a: Structure of thesis relating to research activities and 
project requirements 
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In terms of the actual content of the sections within this thesis, section 2'Research context 
and aims' defines the broader research context In which the soft metrics work took place, the 
research problem, organisational context and boundaries as dictated by envisaged users for 
the output of the work before decomposing the general research objectives identified into 
specific project requirements. Section 3 of the thesis comprises discussion of relevant 
research and practical literature reviewed within the project and provides a summary of 
existing knowledge regarding theoretical Issues for performance measurement systems 
(section 3.1), human and organisational performance models (section 3.2), human and 
organisational performance factors (section 3.3), operational effectiveness criteria (section 
3.4) and existing research measures and project management metrics (section 3.5). The 
literature review is necessarily a large section of this thesis due to the scope of knowledge it 
was necessary to draw together to establish a firm theoretical base for development in 
'breakthrough' proof of concept areas. The literature review therefore represents integration 
of theoretical social or human sciences knowledge with practical project management 
techniques, and is drawn together in section 3.6 which summarises relevant findings for the 
development of an adequate solution to the soft metrics, problem. 
Section 4 'Conceptual development' draws upon conclusions from the literature review 
regarding human and organisational performance models and potential soft performance 
factors to outline development of a conceptual modelling framework for representation of key 
performance processes within sociotechnical systems (section 4.2). Findings from an early 
scoping study in the industrial environment are also considered in section 4.1 in order to 
define the context for application of the soft metrics research output. The conceptual 
modelling framework is applied to a hypothetical 'team performance' scenario in section 4.3, 
in order to provide evidence for the theoretical validity of the approach for representation of 
human and organisational performance processes in work group operations. The concepts 
developed within section 4 of the thesis are refined into applied tools and methods in section 
5 of the thesis, which outlines development of an applied human and organisational 
performance model (section 5.1) and applied soft metrics (section 5.2). Section 5 of the 
thesis therefore provides a summary of the integrated tools and solutions developed during 
the course of the soft metrics research project for analysis and measurement of soft 
performance issues in operational projects. 
In order to explore the feasibility and utility of the proposed soft metrics solution, practical 
processes were developed for the application and validation of the modelling framework and 
measures in operational systems engineering projects. Section 6 of the thesis provides an 
overview of these processes and serves as a methodological preamble to the results from a 
series of project case studies undertaken, reported in the subsequent section (section 7). 
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For the sake of convenience, sub-sections within both sections 6 and 7 are divided 
according to key stages in the application and validation process. 
Section 8 of the thesis comprises discussion of key findings and Implications from the 
validation studies as well as broader conclusions that may be drawn from knowledge gained 
throughout the course of the soft metrics research project for development of soft 
performance measurement systems. The discussion In this section represents knowledge 
gained from undertaking the project and considers key Issues associated with development of 
the original research assumptions (section 8.1), soft performance factors (section 8.2), the 
need for human outcome criteria in performance control systems (section 8.3), conclusions 
for modelling human and organisational performance processes (section 8.4) and definition 
of appropriate measures (section 8.5). Section 8.6 summarises the feasibility and utility 
case made for the soft metrics tools and approach that forms the output from research efforts 
reported in this thesis and represents the main proof of concept argument. Section 9 
'summary of key conclusions' then provides an overview of research findings against the 
project requirements (section 9.1), before section 9.2 considers lessons leamt during the 
course of the project and provides a statement of personal development as a result of 
undertaking this work. Section 9.3 offers consideration of the achievements of this project in 
terms of the broader context of an emerging soft metrics discipline and possible future work. 
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Section 2 
RESEARCH CONTEXT AND AIMS 
The soft metrics research project was an R&D project sponsored by industry to explore the 
concept of soft metrics and associated methods in order to provide information and evidence 
supporting the case for feasibility and usefulness of soft metrics tools in an applied project 
management context. This section of the thesis elaborates upon the problem context, 
outlines the broader research context in which the soft metrics project was situated, defines 
key users and concludes with a detailed specification of industry and academic requirements. 
As a proof of concept project in what proved to be a relatively undeveloped area of 
knowledge, the requirements for the soft metrics research work were refined throughout the 
course of the project as a result of involvement with the applied industrial environment in a 
series of case studies and review of relevant literature, both of which contributed to 
clarification of the research question and definition of the knowledge gap to be filled by 
research efforts and activities. As an ongoing process, the requirements definition reported in 
section 2.4 below represents a summary of knowledge gained during the course of the 
project regarding the necessary functional attributes of a soft metrics system and approach to 
addressing the issue of soft factors in projects. It does not represent the historical state of 
objectives at the start of the project and this is intentional to provide the reader with the 
necessary statement of objectives at this early stage of the thesis, against which the activities 
and results of later sections may be appraised. 
Accordingly, subsequent sections of this thesis will make explicit reference to the research 
objectives outlined in this section. Information regarding the initial identification of need that 
gave rise to the soft metrics research objectives may be found in section 2.2 below, which 
discusses the initial problem statement in more detail, following a brief outline of the broader 
research context that addresses capability development process research at Loughborough 
University. 
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2.1 Capability development research context 
The soft metrics research project undertaken under industry sponsorship at Loughborough 
University was done so as one part of a broader research project that was focused upon 
development of a Capability Development and Deployment Process (CDDP) for the industrial 
partner BAE SYSTEMS; a systems engineering and integration company in the technology- 
driven aerospace and defence Industry. 
BAE SYSTEMS may be described as a global systems engineering organisation structured 
around a 'project-process matrix, representing the dual aims of maintaining a high level of 
engineering process competency whilst sustaining competitive viability through project- 
focused business management. In this context, currently ongoing work on specification of a 
formalised CIDDP was undertaken with the aim of delivering a commonly accepted model 
capable of developing generic, reusable processes in order to counter a tendency for 
fragmentary and localised process improvement efforts that are considered inefficient from a 
business-wide perspective. Additionally the CIDDP research aimed to provide a directed 
process for the deployment of these new capabilities into existing project operations and 
organisational structures. 
Siernieniuch and Sinclair (2000; 2002) outline the requirements and structure of the 
developing CDDP, the main features of which are reproduced here in a table of aims and 
specifications for the CDDP (rigure Z1a) and high-level representation of the CDDP (rigure 
2.1b). A requirement for new metrics and metrication methods, is incorporated in the aims 
and requirements for the CDDP derived from a detailed scoping study performed at the onset 
of the project (Siemieniuch and Sinclair, 2000). In addition to the metrication strand of CDDP 
research, work was also undertaken in two other related areas: 1) the establishment of a 
decision-support system (DSS) to provide an effective means of interaction with and 
navigation through the CDDP for project managers, and 2) the development of several 
Change Management Guides to provide practical resources for managers involved in 
deployment. 
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Alms for CDDP research: 
0 Enable the improvement, development, 
deployment, and evaluation of new processes 
with the global aim of commonality and re- 
usability 
0 Provide key contribution to organisational 
learning and application of best practice 
0 Deliver effective capability acquisition and 
process renewal capability 
a Integrate with appropriate knowledge 
management infrastructure 
0 Develop simulation tools to explore alternatives 
and consequences of proposed organisational 
change 
Functional Requirements for the 
CDDP: 
0 Set of fully Interoperable sub-systems with 
clearly identified process steps for each sub- 
system 
0 Tools, techniques, methods and metrics to 
carry out sub-processes 
a Associated Change Management process, 
methods and tools 
a Metrication methods and process (including 
new "soft* metrics where required) 
0 Dynamic simulation tools 
0 Feedback loops to enable continuous 
Improvement of CDDP 
Figure 2.1a: Research alms and functional requirements for development of a 
Capability Development and Deployment Process (CDDP) 
The CDDP itself is a translation of BAE SYSTEMS' current Lifecycle Management process 
(LM02/02). LM02/02 is mandated throughout BAE SYSTEMS' operations and therefore 
encompasses a very broad range of R&D and Capability development projects. Necessarily 
the process model embodied within LM02/02 is generic and as such is specified at a high 
level of abstraction. The CDDP aims to translate this model into a more practical and 
functional tool for application within BAE SYSTEMS, principally through specification of lower 
level activities, work flows, inputs/outputs, resources and intermediary deliverables that are 
implicated throughout a capability development project. 
The problem of a potentially broad range of application projects for the CDDP model is 
resolved through the employment of several differing Otemplates" tailored to specific types of 
capability development project (Siemieniuch, 2004). The templates, with which project 
managers can interact through the CDDP's Decision Support System, are designed to provide 
process models for differing scopes of project ranging from uproof of concept" to "full 
deployment" projects. Accordingly, proof of concept project templates emphasise earlier 
project definition and R&D phases in the overall capability development process at the 
expense of later deployment, integration and support phases, which may be superfluous to 
requirements if the aim of the project is merely to demonstrate the feasibility of a concept as 
opposed to achieving a fully developed and rolled-out product that is integrated and deployed 
within the organisations operations. In contrast, a full deployment project template might 
include the entire process from conception and definition to deployment and support, or may 
emphasise the latter phases of the capability development and deployment process where 
concept and definition is already known, as is the case when a software upgrade with known 
functional requirements is the new capability being introduced. 
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Figure 2.1 b: High-level representation of the Capability Development and 
Deployment Process (CDDP) 
By the project definitions embodied in the CDDP, the soft metrics; research project described 
in this document may be considered to be an example of an R&D-oriented proof of concept 
project, whereas the Capability Acquisition Project (CAP1) outlined in section 4.1 is an 
example of a project designed to deliver full deployment of a specific capability. In order to 
understand the soft metrics research project in the context of the broader CIDDP project, it 
should also be noted that as a high-level or meta-process which spans all levels within the 
organisation, the CDDP may be considered to operate at a strategic or tactical level. As a 
project which seeks to develop knowledge regarding the feasibility and application of specific 
project-management tools, the output from the soft metrics research project is intended for the 
operational level, i. e. repeated application in low-level systems engineering and capability 
development projects and their project teams. 
In large scale systems engineering organisations which focus upon capability acquisition and 
leverage of capability-based assets as the main source of competitive advantage, there exists 
an implicitly accepted understanding of the term "validation" in capability development efforts 
to mean proof of feasibility and utility of a product for its intended application in the 
organisational context in question. This industry-ddven assumption is pertinent to all 
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associated R&D efforts and holds specific Implications for the direction of the soft metdcs 
research; particulady the form of the evaluation process for the product of the research 
efforts. Whilst in academic enquiry and psychological research in particular the activity of 
"validating" a proposed model for some real wodd phenomenon will involve the assessment of 
validity across a broad range of cases, it should be noted at this Introductory stage of this 
thesis, that in the context of BAE SYSTEMS' capability development programs, the soft 
metdcs research Is "validated" in line with the industdal definition of the term: the extent to 
which the research product is effective within the specific environment represented by BAE 
SYSTEMS' operations. Thus, all future uses of the term "validation, and "validation process" 
within this thesis refer to the activity of establishing a feasibility case for the proposed soft 
metrics solution, within the context of the capability development concerns of the research 
sponsor. 
2.2 Definition of research problem 
The initial research problem statement that the soft metrics; project was implemented to 
address originated within conclusions drawn from an early scoping study of BAE SYSTEMS' 
capability development operations. The following extract outlines the problem succinctly: 
The main focus of the current metrics set is on what could be called 'hard'issues and 
particulady those relating to the output of the process ae. the product). There is less 
certainty about measuring 'soft' issues such as motivation, resistance to change, 
efficacy of human resource configurations, organisational structures and policies, 
working practices, etc. (Siemieniuch &Sinclair, 2000, p13). 
The report therefore highlights the current focus of performance management systems upon 
'hard' technical issues in operations, with metrication efforts largely confined in scope to 
'outcome' or 'results' criteria that are closely associated with the work product and customer- 
defined requirements such as cost, quality and time parameters. Due to a lack of practical 
knowledge and tool support, capability for measurement of the 'softer' human and 
organisational process factors is limited or non-existent in current practices. 
The increasingly complex, integrated systems that form the products of systems engineering 
projects require increasingly complex organisational structures and work processes to 
successfully integrate the required knowledge across a range of functional disciplines and 
collaborating organisational entities. Complexity in products and processes means that the 
accuracy and capability of performance measurement and control systems becomes critical to 
the achievement of contractual commitments. The ability to quantify slippage against planned 
time and cost parameters provides the necessary retrospective indicators to identify 
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performance problems as they occur. Conceivably, there is much to be gained from 
complementing these tracked outcomes with a proactive perspective that seeks to predict 
problems on the basis of work process quality issues, in which the conditions of the human 
and organisational work system figures highly. 
The degree to which the issue of defence industry project performance has surfaced In 
industry-specific publications and even attracted public attention through the media Is 
evidence that addressing the upstream or process determinants of operational outcome 
criteria associated with delivery on time, within budget and to customer specifications Is a 
valid concern for operations research. 
In the software systems engineering domain, for example, Paulk comments upon a growing 
'software crisis' in the US defence industry: "the ability to develop and deliver reliable, usable 
software within budget and schedule commitments continues to elude most software 
organisations" (1995, p3). Evidence cited in support of this claim includes a review of 17 
major software contracts, in which the average 28-month schedule over ran by 20 months. 
Paulk attributes excessive late and over-budget delivery of products to a fundamental inability 
to manage work processes effectively, resulting in chaotic, undisciplined projects. In January 
2004, the UK defence industry came under scrutiny by the British media in response to the 
National Audit Office's Major Projects Report (2004), which identifying a E2.7 billion 
overspend attributable to four delayed long-term projects (Times UK, 2004a; 2004b). The 
highlighted projects included Eurofighter (60 months late; Elbn over budget), Nimrod (71 
months late; E400m over budget), Astute submarine (43 months late; El bn over budget) and 
Brimstone missile (E126rn over budget). Whilst 'technical issues' may be the primary cause 
of such occurrences, project management and control techniques are certainly implicated as 
valid areas for operations research that seeks to enhance performance management 
capabilities. Central to the project management toolset is the development of appropriate 
performance measurement systems (e. g. Neely, 1995) and associated research into areas 
such as the measurement of soft performance factors must be considered to be both 
important and timely. 
In considering the general problem context that the soft metrics work aims to address, some 
attention must be given to defining the concept of 'soft factors' and the problems they pose for 
operations management. Goranson (1999) writing about practical tools and theory to support 
agile virtual enterprises, states that the biggest problem facing enterprise modelling efforts is 
'soft' factors, or factors about which there is uncertainty due to either the enormity of effort 
required to incorporate influences related to such factors in the enterprise model or a lack of 
knowledge as to how these factors operate in reality: 
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Complexity is a killer. But it's not the biggest information bogeyman threatening the 
enterprise. The inability to represent soft stuff is. Soft stuff is stuff you don't know 
much about.... You rind this condition in situations you cannot fully model because of 
expense. Or maybe you just don't know how it really works. Social and cultural 
interactions are of this type. Or maybe you are trying to do some modelling of the 
future, and you just cannot predict in detail. These are all soft stuff (Goranson 1999 
p. 239) 
Goranson specifies social and cultural dynamics as the factors that shape the so-called 'soft' 
infrastructure within an organisation. The soft Infrastructure is determined by social and 
psychological laws, community and business cultures. As inbuilt culture and behaviour, soft 
infrastructure is less amenable to engineering efforts than 'harder elements such as workflow, 
business processes and physical infrastructure. As a function of personalities, group 
dynamics and types of interaction, systems engineering activities aimed at soft infrastructure 
are largely confined to assessment and selection of individuals and teams, with current 
understanding of deeper levels of operation of these variables being limited by existing 
knowledge. 
As is evident from this discussion, there is currently limited maturity in practical knowledge 
regarding the modelling and effects of soft factors in organisational functioning, and a clear 
need to enhance the capabilities of project performance measurement methods to 
encompass 'upstream' performance determinants, such as human and organisational factors. 
These are the dominant problem issues that the soft metrics research project attempts to 
address. Estimates as to the extent of the human and organisational contribution to overall 
organisational performance vary, but it is generally accepted that it is an important one, as is 
evident from the finding that business process reengineering efforts may fail in 
implementation due to 'soft' resistance to change issues (Madanovic, 2000) and that projects 
may over-run or under-perform considerably due to a lack of process and organisational 
maturity (Paulk, 1995). 
The specific research requirements implemented to address the research problem are 
outlined in section 2.4 below, following definition of the intended users of the research output. 
For the purposes of the research undertaken during the course of this project, the term 'soft 
metrics' may be defined as referring to the following statement of purpose: 
The application of measurement-based techniques to human and organisational 
variables that influence the performance of work processes, in order to provide useful 
management information regarding causal process factors that influence the quality of 
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achieved work products. Such information may then be used for work process 
improvement to enhance the quality of the end product. 
2.3 Organisational context and intended users 
Prior to consideration of detailed alms and requirements for the soft metrics research project, 
this section of the thesis addresses the organisational context in which the research took 
place, including consideration of the cultural context, definition of intended users and imposed 
research boundaries. In depth Investigation of the organisational context including culture, 
working practices and terminology was undertaken as part of an initial scoping study that 
sought to define the potential users of the soft metrics; tool and approach defined in this thesis 
(reported in section 4.1). In order to provide the reader with a logical application context for 
evaluation of this work, the intended users and boundaries that define the scope of 
applicability of the soft metrics; approach developed during the course of this research project 
are summarised below, followed by consideration of how the specific organisational context 
influenced the assumptions and goals inherent in the soft metrics; project brief. 
BAE SYSTEMS may be described as a matrix-structured, project-based organisation in which 
human resources are configured to achieve specific project objectives that represent 
individual customer contracts and internal capability development goals. Temporary and 
long-term multidisciplinary teams are created to integrate effort across functional boundaries 
within the organisation to engineer complex systems products and services. Consequently, 
BAE SYSTEMS operations are structured by project, with dynamically changing team-based 
structures being implemented to undertake specific project tasks. The basic functional and 
accountable unit within BAE SYSTEMS may therefore be considered to be the Integrated 
Project Team (IPT). 
The scope of the soft metrics research project may be considered to be bounded by focus 
upon the 'project' as a temporary organisational unit and the 'project management team' as 
the basic functionally autonomous unit that tactically manages and controls project activities 
at the operational level, including performance monitoring and review processes. As the body 
that makes critical decisions regarding the organisation of work to meet externally imposed 
objectives, the project management team may be regarded as the accountable level within 
BAE SYSTEMS operations and key stakeholder for advancement in project performance 
monitoring and control techniques. To the extent that research efforts within the soft metrics 
project have employed detailed case studies of internal change and R&D based capability 
acquisition projects, the output from this work may be considered to be directly applicable to 
systems engineering efforts of this type. As human and organisational performance 
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processes may be considered generic features of organisational system functioning, it Is 
hoped that the output from this work may be applicable to a broad range of project-based 
operations, in a variety of disciplinary areas beyond systems engineering. 
It is anticipated that the soft metrics; tool will be particularly useful at the tactical and 
operational level of BAIR SYSTEMS' project operations, In the analysis of project organisation, 
project planning and project control. In so much as the methods may be used to assess and 
compare processes across projects, they may be applied at a strategic or business level and 
may be used to contribute to broader process development and organisational design efforts. 
The primary intended user for the soft metrics approach embodied in this thesis is therefore 
the integrated project management team, including: project management personnel, project 
performance review boards, process improvement managers, project HR professionals and 
any self-governing project work group empowered for performance analysis and control of its 
own work processes. 
Applied research involving the participation of collaborating organisations with an invested 
interest in the outcome of the work is invariably influenced by, and subject to the assumptions 
of, the cultural and political organisational context in which the researcher proposes to effect 
change. The organisational context for the soft metrics research, represented by the BAE 
SYSTEMS extended enterprise, is no exception and the evident cultural attitudes and values, 
shaped by a pervasive 'engineering discipline', led to several prior assumptions in the original 
definition of focus and aims for the soft metrics research being made. The influence of a 
predominantly engineering-focused culture is especially evident in the title definition of this 
project: 'soft metrics'. 
In an engineering project management culture that is largely data-driven, a tendency exists to 
look to the definition of a set of project parameter metrics to provide the focus for human effort 
towards project performance control and improvement. Such a tendency is evident from the 
well-known and often quoted maxim: "you can't manage what you can't measure" and from 
the popularity of engineering process capability maturity models that build towards 
quantitative process control as the exemplar of best practice. Naturally, in the definition of a 
project to develop capability for control of 'soft' factors impacting upon project performance, 
BAIR SYSTEMS defined amanagement metrics'based approach. 
The influence of engineering-determined values may also be found in the other half of the 
'soft metrics' term. The term 'soft' tends to be applied, in an engineering context, as a catchall 
for factors that fall outside of certain, readily observable (and hence understandable) 
phenomenon. Thus, from a technical engineering perspective, complex human activity and 
organisational systems that exhibit high interdependency and comprise multiple autonomous 
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agents may be appropriately considered to be 'soft' in that they exhibit superficially 
unpredictable behaviour about which it Is difficult to reason with any high degree of certainty. 
In light of these considerations, the metrics research project inherited at outset an 
'engineering' brief represented by the very term: 'soft metrics', which encapsulates the 
requirement to capture In practical, measurable 'metrics' what are largely Intangible and 
empirically evasive factors. In response to these requirements, the soft metrics research 
effort adopted the case-driven methodology outlined In section 1.3 of this thesis, in order to 
develop an approach to the research problem that was both valid for application Within the 
'engineering' environment of BAIR SYSTEMS' operations and sensitive to the assumptions 
made by a predominantly engineering project management culture as to the metrics content 
of the research product. The following section will now consider the functional requirements 
for the soft metrics project in more detail. 
2.4 Project requirements specification 
As an industry sponsored proof of concept project, the requirements for the soft metrics 
research and development work were not confined to functional requirements for an emerging 
soft metrics tool, but also included the capture and dissemination of key knowledge regarding 
the feasibility and utility of the concept. Figure 2.4a below comprises a table of specific 
requirements derived from the broad research objectives stated in section 1.2 of this thesis. 
As stated previously, the soft metrIcs research project formed a sub-project of what was a 
close and intensive industry-academic collaborative effort. Accordingly, the requirements 
included within the table may be broadly classified as serving principally academic or 
industrial interests, according to whether they refer to objectives associated with the 
development of specific tools or more general, abstract knowledge. The table also indicates 
the proposed output, in terms of work product, that may be associated with each specific 
requirement. Throughout the remainder of this thesis, the requirements referenced within the 
table below will be referred to in order to outline the basic objectives that each research 
activity addressed. 
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Main research Specific project Main Proposed 
objectives requirements Interest output 
I Identify 'soft' la Define possible human and Academic Human and organisational 
Issues Impacting organisational performance performance constructs 
upon project factors and key with definitions and 
performance mechanisms of influence possible interactions 
lb Investigate presence and Industdal Case-based human and 
impact of human and organisational performance 
organisational factors in factors and mechanisms of 
operational industdal influence 
projects 
2 Explore current 2a Identify and evaluate Academic Evaluation of existing 
best practices for suitable performance approaches and knowledge 
analysis, models and frameworks for 
measurement and human and organisational 
control of human van bles 
and organisational 2b Identify and evaluate Academic Evaluation of existing 
variables In suitable metdr-s and approaches and knowledge 
projects measurement methods for 
quantifying human and 
organisational vadables 
3 Develop practical 3a Develop specific metrics to Industrial Suitable metdcs for applied 
approach and tools address key human and Industry environment 
for analysis and organisational performance including new measures 
measurement of factors where required. 
softissuesin 3b Develop integrating human Industdal Generic framework for 
projects and organisational classification of 
performance model for perfon-nance factors and 
representation of causal depiction of influences 
influences affecting project 
performance 
3c Develop application Industdal Structured process with 
process for analysis of soft embedded resources and 
issues in projects and activities for analysis and 
selection of appropdate quantification of soft 
metdcs performance Issues in 
projects 
4 Make utility and 4a Evaluate practicality and Industrial Reported data and 
feasibility case for effectiveness of soft metdcs associated analysis of 
soft metrics tool in operational industdal practicality and 
concept and tools pmjects effectiveness of new 
methods 
4b Evaluate feasibility of soft Academic Reported evidence of 
metdcs concept including effectiveness and 
current limitations and limitations of approach and 
knowledge gap future research 
objectives/tool 
requirements 
Figure 2.4a: Detailed soft metrics research project requirements related to 
general research objectives 
From the industrial perspective, the soft metrics project was planned and structured around 
the achievement of intermediary milestones, represented by key reports and deliverables that 
were submitted to BAE SYSTEMS, the sponsoring organisation, and discussed in the 
associated industry-academic research network. These deliverables represented the main 
industrial requirements for the soft metrics research work and documented knowledge 
acquired in the research activities for the sponsor, in order to establish a basis for future 
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capability development activities associated with soft metrics tools. The general nature and 
sequence of these intermediary deliverables Is outlined below: 
1) Report on human and organisational performance factors and conceptual 
approaches 
2) Working document comprising Inventory and evaluation of existing metrics 
3) Report on Industry case project scoping study and proposed metrication 
framework 
4) Report detailing tool application and validation processes 
5) Report on results of validation studies and analysis of feasibility 
6) Submission of final metries and Integrating framework with best practice 
guidelines for this area 
From an academic perspective, the soft metrics project was implemented to contribute new 
knowledge in a number of key areas associated with the application domain. The 'soft 
metrics' area of interest represented a relatively immature area in terms of applied knowledge 
and the particular brief for this soft metrics project: the practical measurement and analysis of 
human and organisational factors for project performance management vAthin capability 
acquisition scenarios, may be regarded as novel. Accordingly, the key knowledge outcome 
that the soft metrics research project aimed to achieve was a cross-disciplinary approach to 
specific applied problems, through the refinement and integration of relevant areas of 
research knowledge and expertise ranging from human factors and social sciences to project 
operations management techniques. In terms of the output from this endeavour, this thesis 
represents the principle medium for the communication and report of associated results and 
research findings in this area. 
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Section 3 
LITERATURE REVIEW 
The review of literature relevant to the soft metrics research Is outlined and discussed in this 
section of the thesis. Due to the nature of the research problem, literature from a diversity of 
sources ranging from theoretical social sciences research to applied project management 
techniques was reviewed and integrated in order to formulate a suitable approach to the soft 
metrics; problem that represents best practices and current state of knowledge relevant to the 
area. The literature review outlined in this section of the thesis Is important to the 'proof of 
concept' industrial objectives specified for the soft metrics research project, in that it 
represents a summary of relevant existing knowledge and potential gaps to be explored in 
development of a practical solution. Figure 3a below depicts the structure and purpose of the 
literature review, and relates the different areas of literature covered to the aspects of the soft 
metrics solution that they support. 
The performance measurement theory and systems design areas incorporated literature 
related to practical operations management and theoretical perspectives upon valid 
performance indicators. Specific key issues were identified associated with process-outcome 
control theory and intellectual capital theory, which were used to inform the development of 
the entire soft metdcs tool, both in the structure of the modelling framework and the 
specification of its performance factors. These issues are reported and discussed in section 
3.1 below. In response to the requirement to identify and describe the influences of potential 
soft factors in projects, human sciences and work psychology literature was reviewed to 
establish a set of key human and organisational performance factors that existing research 
suggests are linked to operational performance (section 3.3). The operational performance 
objectives that are conventionally used as organisational performance outcome indicators are 
discussed in section 3.4. 
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Figure 3a: Literature review structure and purpose 
In order to inform the development of the modelling framework employed in the soft metrics 
approach, existing examples of human and organisational performance models were 
evaluated for key features and applicability to the problem context (section 3.2). Finally, in 
order to identify feasible measures to quantify human and organisational factors, literature 
from two complementary areas was reviewed and is reported in section 3.5. These areas 
included existing management metrics associated with established performance 
measurement systems and measures employed in human sciences research efforts. Review 
of these two complementary areas was necessary as conventional project performance 
control techniques were found to be limited in their coverage of human and organisational 
parameters. 
3.1 Performance measurement theory 
There have been several notable attempts made in the research and management sciences 
literature to address performance measurement systems as a defined topic of interest (e. g. 
Neely, Gregory and Platts, 1995). As an emerging discipline several key conceptual issues 
are identifiable as important theoretical underpinnings upon which to base development and 
application of new performance measurement systems. In this section of the thesis, three 
such theoretical areas are considered in more detail, having emerged from themes identified 
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through review of literature relevant to the objectives of the soft metrics research project. The 
issues considered include the implications of complexity In modem organisational operations 
for performance measurement and control, the necessity for proactive process measures to 
complement reactive outcome measures and an emerging focus upon 'human capital' and 
other intangible assets to drive operational performance in contemporary, knowledge- 
intensive enterprises. 
3.1.1 Complexity and Performance Measurement 
Modem complexity and the dynamic nature of complex socio-technical systems necessitates 
increasingly sophisticated performance monitoring and control methods to understand the 
factors which influence an organisation's processes and output. Siemieniuch and Sinclair 
(2000) define complexity as interaction between the organisation's entities that result in 
unpredictable behaviour of the organisational system: its autonomous elements (people), 
work processes, technical infrastructures and the environmental context within which it exists. 
Various characteristics of contemporary organisational systems are responsible for eliciting 
complex emergent behaviours, including: the presence of multiple agents on multiple levels 
(i. e. individuals, teams and larger units), with varying degrees of autonomy, performing 
varying tasks at varying times with varying goals. Further complexity is introduced through 
consideration of interaction between the elements of the system; between agents in an 
environment through a potentially large volume of parallel communication channels. The 
result is that centralised 'top-down' adaptation and control strategies are not likely to be 
successful and that a more self-organising approach to the achievement of organisational 
goals is required. 
With regards to performance management systems in particular, the implications of 
complexity are that no relatively stable optimum state for operational processes exists, rather 
successful management means the achievement of prolonged periods of coherence in which 
the functioning of the organisational system becomes predictable. To this end, permanent 
organisational planning and control is required, utilising continuous process measurement to 
track the state of the organisational system and understand the likely impact upon outcome of 
observed perturbations in process operations. Achieving understanding of system dynamics 
through monitoring the condition of the human and organisational elements of the system is 
no less important than monitoring the more technical aspects of the system, and to this end 
comprehensive performance measurement systems; their measures and integrative 
frameworks, must address soft process issues as well as hard outcomes. 
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3.1.2 Outcome criteria and intermediary indicators 
A distinction between what will be referred to here as 'process' and 'outcome' variables Is 
inherent in the approaches of many authors attempting to consider the methodological 
implications of adopting specific performance indicators in order to further understanding of 
how complex factors interact to influence performance within an organisation (e. g. Meister, 
1990; Olve et al, 1999). The distinction may be considered to be synonymous with 'leadAag 
measures', 'resultstdeterminants', 'final/intermediary criteria' and 'dependentrindependent 
variables'. The practical implications of distinguishing between intermediary and outcome 
performance criteria are far reaching and this section attempts to describe relevant issues for 
monitoring and control systems in organisational performance management practice. 
Figure 3.1.2a below represents the important issues involved in the outcome-process metrics 
distinction. The need to classify variables within this dichotomy is apparent from the fact that 
effective performance management involves more than merely quantifying 'value' at the 
produced outcome-end of organisational endeavour, but monitoring the processes 
responsible for those outcomes, in order to Influence their value. The outcome-process 
distinction is also related to a systems view of organisational functioning, in which the 
effectiveness or performance of the organisational system is an emergent property of 
interaction and processes between and Within all elements that comprise the system as a 
whole. The implications of this reasoning are that modular attempts to monitor specific 
outcomes towards the end of a causal sequence within the system, will not provide the depth 
of information required to generate a meaningful understanding of the state of the system at 
any one time. The essence of attempting to measure organisational processes is that it 
generates proactive knowledge capable of leading decision-making in order to manipulate 
future outcomes of productive effort. Process measurement, if executed adequately, will 
therefore involve the establishment of projective metrics; specific measures which provide the 
basis for extrapolation into the future. 
The outcome-process distinction is inherent in much of the reviewed literature relating to 
methodological approaches to performance measurement and management. The focus of 
conceptual efforts to define 'intellectual capital' in organisations, for example, in so much as 
they attempt to measure the less tangible factors that influence an organisation's functioning 
and effectiveness, such as indicators of 'knowledge' and the 'means to achieve ends' 
(Edvinsson & Malone, 1997), represents a 'process-odented' perspective that advocates 
measurement of the determinants of outcomes, rather than the outcomes themselves. 
Human knowledge may therefore be regarded as intermediary performance criteria, providing 
its influence upon more conventional outcome variables associated with organisational 
performance has been established. The outcome-process metrics distinction is also 
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consistent with the distinction made between classes of variables in statistical modelling 
techniques; that between independent and dependent variables, which Bontis (1998) refers to 
as 'antecedent' variables and 'consequent' variables, respectively. Quality management 
efforts that focus upon monitoring production processes as opposed to mass inspection of the 
product, such as statistical process control (e. g. Slack et al, 2001), embody this distinction 
between outcome and process measurement approaches. 
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Figure 3.1.2a: Key distinctions between outcome and process metrics 
Brodbeck (1996) states that a distinction between 'intermediate' or process criteria and 'final' 
or output criteria is identifiable in most models and theories of work group functioning. Such a 
distinction is based upon the theoretical assumption that final performance is a function of 
intermediate performance and even models that adopt purely process or outcome criteria 
nevertheless support a distinction between these two important typologies of criteria for 
measurement. The distinction between these two classes of variables therefore represents a 
causal sequence that proceeds from processes to outcomes, the assumption being that 
process indicators of performance represent the causal origins of the final results or outcomes 
of organisational efforts and activities. From the perspective of attempting to model the 
interactions between variables that influence performance, the process-outcome measures 
distinction represents a useful yet not completely unlimited heuristic for understanding 
interaction between complex organisational factors. Research work aimed at consideration of 
the appropriate structure or framework of a human and organisational performance model is 
described later in this thesis (section 4.2) and represents further exploration of these issues. 
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Consideration of the relationship between outcome and process variables holds Important 
implications for measurement practices and specifically the ability of the organisation to learn 
about the systemic interactions of elements within its structure, and It's ability to maintain 
performance levels in the face of changing environmental and contextual conditions over time. 
Work that seeks to understand the processes and determinants Influencing organisational 
failure, an extreme negative example of one possible outcome of organisational functioning, 
offers useful principles regarding the distinction between outcome and process variables 
which can be productively applied to the subject of organisational performance. 
Reason (1997) offers an example of how the process-outcome measures distinction can be 
usefully applied in organisations to support learning and the continual adaptation to 
uncontrollable perturbation in the operating environment necessary for continued success. 
The specific methodology implied by the distinction between process and outcome measures 
is linked to the fact that outcome measures may be considered to be 'reactive' in orientation 
and process measures 'proactive' or projective, looking forward to future performance 
outcomes. Reactive and proactive measures are therefore complementary in nature, both 
giving valuable information about the state of the organisational processes underlying 
performance. Outcome measures are useful for 'reactive' analysis, after the event, to reveal 
the patterns of cause and effect that contribute to any specific state of organisational 
performance or effectiveness. Multiple analyses over time using a common classificatory 
framework YAII allow the establishment of patterns indicating which factors or organisational 
variables, in which contextual conditions, are regularly responsible for specific systemic 
outcomes. The identified systemic human and organisational variables will therefore provide 
an indication of the 'health' of the system at any one point in time, allowing proactive 
intervention should the need arise. In this sense careful monitoring of outcomes and analysis 
of their determinants will guide the valid and cost-effective selection of proactive measures for 
sampling on a regular basis. Refinement of a sub-set of these key process variables 
responsible for performance itself represents a process of organisational learning. 
The process of using the value of outcome or dependent variables to specify and update a set 
of predictive, independent variables may be said, from a strategic perspective, to rely upon 
history to direct future organisational monitoring and control mechanisms. Inherent in this 
approach is the risk of specification error, in which total variance in the dependent measure is 
not adequately accounted for by the set of predictive, process measures specified at any one 
time. Two specific forms of specification error may be identified. Criterion deficiency refers to 
the situation in which total variance in the outcome measure is only partially accounted for by 
process measures; a situation which risks loss of organisational control due to the operation 
of unknown factors influencing performance. Uterion contamination, on the other hand, 
refers to the situation in which the predictive variables set taps variance irrelevant to the 
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operation of the dependent variable. Additionally, with organisations being complex open 
systems that interact with and are responsive to external environmental conditions, there are 
dangers inherent in an approach that relies upon past experience to predict the future. The 
lesson for measurement and control systems is to employ what may be termed 'roaming' 
metrics, which monitor variables not known to be directly related to performance outcomes, to 
guard against the eventuality in which situational conditions cause novel factors to conspire in 
novel ways to influence outcomes. This would Imply a need for redundancy or 'slack' in the 
metrics set in order to yield adaptive, useful data in the long term. 
Proactive process measures are likely to tap the 'soft' variables that represent the systemic 
antecedents of human and organisational performance, such as those relating to workplace 
design, tools and equipment, procedures, supervision, workload, time scheduling, training and 
experience, job planning, staffing methodologies, role design and allocation, group-working, 
leadership and cultural influences, amongst others. The challenge for a soft metrics system is 
to relate these measures to the more conventional outcome indicators of organisational or 
project performance: predominantly the product-oriented dimensions of cost, quality and time. 
Figure 3.1.2b below represents this problem. With process-oriented organisations 
configuring and re-configuring structures in response to requirements for product-organised 
activities, it becomes increasingly important to identify the human and organisational factors 
that relate to overall project success, as indicated by customer requirements for cost-effective 
functionality. A soft metrics system must therefore provide predictive indicators, based upon 
human performance variables, for project success, in order for organisational monitoring and 
control systems to inform the development of work processes. 
Generally, organisations are quick to adopt a retroactive orientation to performance 
management through the evaluation and appraisal of indicators associated with the outcomes 
of productive effort, especially where those outcome indicators may be derived from customer 
requirements. it is more difficult, however, to employ effective proactive strategies, which 
involve accurate understanding of how systemic variables Interact during the processes 
involved in production. Proactive and projective strategies have been derived from tracing 
causal paths from outcome variables back through the operation of a system to identifiable 
antecedents that may be far removed from the outcomes they influence and superficially 
hidden within the complexity of the system and from those responsible for managing 
performance. With increasing complexity in contemporary, flatter-structured organisations, 
systems become increasingly opaque to organisational developers. Academics and 
practitioners interested in managing organisational development activities therefore need to 
adopt a systemic rather than modular view in their approach towards metrication of 
organisational variables, one in which the performance of the organisation in terms of it's 
output, and in terms of it's ability for self-renewal, is measured continuously and 
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simultaneously at various levels of the organisational system. A literature review of academic 
work and specifically research variables studied in the context of organisational dynamics 
research represents a productive starting point to begin untangling the complicated dynamics 
of causal processes which comprise the antecedents of important outcomes such as cost, 
quantity, quality, time and error. 
Hard outcome 
variables 
Figure 3.1.2b: The challenge for soft performance measurement systems: relating 
'soft'perforrnance determinants to 'hard'outcome variables 
Making the distinction between process measures of behaviour and outcome indicators of 
performance, and measuring each separately, allows the organisation to identify when 
disparities occur between these two classes of indicator. Such practice allows the researcher 
to identify when high levels of performance activity do not correspond with high effectiveness 
in terms of the production of valued outcomes, and to investigate the reasons why. Such 
effects may be due to the influence of external conditions beyond the organisation's control, 
for example, which may have an overriding effect upon the outcomes of performance, 
regardless of the state of the system. The fact that commercial industrial organisations 
operate in unpredictable environments due to non-static operating conditions means that 
efforts to manage future performance solely on the basis of past history is a fundamentally 
flawed approach, that is likely to result in the repetition of previous mistakes. The repeated 
attribution of the causes of catastrophic accidents to 'human error, as opposed to tracing their 
more appropriate systemic origins, as various documented instances of organisational failure 
testify, is a poignant reminder that organisations must adopt predictive, forward-looking 
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strategies as well as retroactive analysis of past performance, in order to operate both safely 
and successfully. 
3.1.3 Intellectual Capital theory and application 
The 'intellectual capital' perspective (Edvinsson & Malone, 1997; Stewart, 1997; Gray, 2001) 
represents an attempt to develop methods to systematically Identify, measure and manage 
the subjective, less visible factors that concern human, social and organisational influences 
upon operational performance. The concept of 'Intellectual Capital' offers the idea that the 
functioning of a modem organisation, and ultimately its effectiveness, Is determined equally 
by the intangible, collective human intellectual ability in the organisation, as well as it's more 
tangible technological and physical components. Edvinsson and Malone state that intellectual 
capital as a theory, and efforts to value intellectual assets, have long existed as 'common 
sense' intuition. Variables associated with intellectual capital are commonly considered to be 
subjective factors driven by hearsay, intuition, gut feeling and Insider information. 
According to Edvinsson and Malone, the intellectual capital movement represents a shift in 
emphasis from the management and measurement of tangible financial and physical assets 
to a focus upon knowledge as the most significant and valuable factor for an organisation's 
continued high performance. Contemporary organisations are becoming increasingly 
knowledge intensive in response to requirements for more adaptive structures, more flexible, 
customised products, customer participation in the design and manufacturing process and the 
linking of developers, suppliers, distributors and strategic partners in complex chains. With 
integral aspects of organisational functioning outsourced to strategic partners, it becomes 
important to assess the value of knowledge delivered. 
Edvinsson and Malone claim that so-called 'intangible' assets, such as individual skills and 
know-how, IT systems, designs, trademarks, supplier relationships and customer franchise, to 
name just a few, comprise over 80% of a company's total value and are typically worth four or 
five times a company's tangible book value. Furthermore, in the recent past an over- 
emphasis upon financially and physically-oriented outcomes have inhibited organisations' 
ability to distribute resources to maximum effect, particularly With regards to future 
performance, in areas such as long-term investment in R&D and work force training activities. 
Siernieniuch and Sinclair (1999) offer an evaluation of intangible human knowledge based 
upon a market capitalisation method that utilises organisations' published accounts. 
Discrepancy between stock market value and net tangible assets may therefore be taken to 
be an indication of 'knowledge in action', less some 30% representing the value of non-human 
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knowledge embedded in tangible organisational structure and codified Information, leaving an 
approximate fraction of one half to two thirds of an organisation's total value residing Within its 
human knowledge. As Siernieniuch and Sinclair point out, this human knowledge represents 
approximately 60% of an organisation's continued operational capability and 100% of its 
Innovation potential. 
The 'intangible' nature of intellectual capital performance variables raises important 
methodological issues relating to the measurement and reporting of indicators, by making 
objective, quantifiable measurement difficult. Total intellectual capital measurement would 
Involve capturing the qualitative subtleties of dynamic processes, such as the use of 
knowledge in an organisation, which can often only be accurately expressed in narrative form. 
Quantifying measures, however, is appealing as it allows the formalisation of data formats 
and methodologies, which enables relative comparisons to be made across different 
measures and between time periods, as in comparison of the extent of growth in a variable 
over time, for example. Quantifiable metrics are also more readily benchmarked against past 
performance and that of other external organisations. If the aims and objectives embodied in 
the intellectual capital approach to performance measurement are to be realised, a 
metrication system must not only provide a 'snapshot' of the shape of an organisation's 
intellectual capital, but also an indication of the dynamics of intellectual capital over time. A 
future capability-oriented metrication system must not only indicate the current shape of a 
Company's intellectual capital, but also its dynamic, through providing changing 'real-time' 
indicators, as opposed to the traditional annual or periodic report. The fact that the intangible 
variables classed as intellectual capital cover a broad range of dimensions of organisational 
functioning means that any adequate measurement system will be multi-dimensional 
incorporating several disparate types of information. 
The approach to identifying performance indicators to aid management processes advocated 
by intellectual capital theory is one that focuses upon supporting human and organisational 
capabilities for future performance potential through attempting to measure the less visible 
antecedents of future effectiveness, as well as the 'soft' and often subjective variables 
involved in the process of development which will eventually deliver new capability. Future 
efforts in this area must usefully attempt to elaborate on the conceptual definition of 'human' 
capital, an important dimension of an organisation's overall intellectual capital, by drawing 
upon research in human sciences. For example, the emergence of work group norms and 
shared working practices represents the development of one form of intellectual capital, 
namely the practical expertise and tacit knowledge in individuals associated with how to 
conduct and undertake effective team-based projects. 
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3.2 Evaluation of human and organisational performance models 
and frameworks 
In considering the issues associated with different types of human and organisational 
performance variables according to their status as process or output factors and the 
requirement for representation of intangible factors in organisational systems functioning, it 
becomes important to consider the various modelling approaches that have been proposed to 
visualise complex interactive performance processes. This section of the thesis therefore 
outlines existing human and organisational performance models and associated modelling 
frameworks identified through review of relevant human and management sciences literature. 
The key criteria for identification of appropriate models to aid in forming a theoretical basis for 
the soft metrics work was that each model in content was proposed as a representation of key 
human and organisational performance processes and may therefore be considered to 
represent a theoretical or applied perspective on factors which are facilitative to the effective 
functioning of an organisation. With this aim in mind, the models outlined below all contain 
some implicit or explicit statement of outcome or organisational effectiveness criteria, linked to 
other variables through representation of functional relationships. As such, the models of 
Interest may be considered to be 'human and organisational performance models', rather than 
systems representations of organisational structures and relationships, for which there is 
already an established, available literature (e. g. Vemadat, 1996; Goranson, 1999). 
As the scope of a performance factors model is not limited to representations of tangible 
system elements but is capable of encompassing all possible functional performance 
variables, the frameworks outlined here provide the starting point for assessment, diagnosis 
and analysis of organisational problems or opportunities, and are not bounded by any specific 
technical focus or perspective. To the extent that each model addresses the less tangible 
human and organisational processes that describe the more organic aspects of organisational 
functioning and behaviour, they may be considered to be organic 'soft systems' models 
(Harrington, 1991). 
In content, the human and organisational performance models identified within the literature 
review all comprise a series of 'performance variables', with some depiction of the nature or 
sequence of influences between these factors. The factors incorporated within the model are, 
by definition, 'soft' human and organisational factors or determinants of human and 
organisational performance, this latter category including technical aspects of a system such 
as information technology or various infrastructures, where these factors have a specific 
influence upon human performance. The models may employ some classificatory framework 
to group or structure the specific variables they contain according to type or function, and the 
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factors themselves may or may not be linked to specific measures at this stage, depending 
upon the practical application of the model and whether it Is intended as a descriptive, 
theoretical representation or as an applied parametric model populated with quantified values. 
The models may Incorporate both static factors (or conditions) and dynamic factors, such as 
human activities and behaviours; that are temporally dependent or expected to vary In time. 
in origin, each model falls into one of two broad classes: either operational, management 
science based frameworks that support practical tools and performance measurement 
systems, or research-based conceptual models that offer theoretical explanations for 
organisational functioning. The overriding, unifying criterion employed In each case was 
representation of human and organisational processes that may be used to enhance 
performance-related outcome criteria. This ensured that the models Identified were practically 
performance orientated. Accordingly, the models are presented in two sub-sections of this 
section of the thesis: section 3.2.1 outlines and discusses various research-based models 
and approaches, whereas section 3.2.2 addresses the management science based models 
and frameworks. 
In terms of evaluation of the various modelling approaches outlined in this section, various 
points of analysis and comparison are used with a theoretical base that may be found in the 
conceptual work of Meister (1990) and Schaffer (2000); both authors addressing the 
modelling of sociotechnical systems as a topic with suggestions of various criteria for 
categorisation and assessment of models. Accordingly, the analytical criteria employed in this 
section of the thesis include issues related to depth, type and applicability of content, and are 
outlined in more detail below. 
A key descriptive criterion for sociotechnical performance models is related to the distinction 
between process and outcome variables. Models vary in the degree to which they focus upon 
system outcome criteria and 'upstream' or process variables that represent the mechanisms 
of functioning within the system that generate the outcome (Meister, 1990). In order for a 
performance model to be suitable for application in the domain of soft performance factors 
research, it must therefore specify both outcome and process factors in content; outcomes to 
identify the dependent variables that represent observable functioning of the system, and 
processes to specify the human and organisational mechanisms that produce the outcome. 
A further evaluative critedon considered in appraisal of human and organisational 
performance models within the literature includes content and applicability relevant to the soft 
metdcs research aim. The extent to which each model addresses human and organisational 
factors, as opposed to technical content, must be considered, along with the level of detail 
and depth of influences captured. Finally, applicability to the target domain: a project-based 
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systems engineering environment that employs cross-functional workgroups as the basic 
organisational element, was considered. This latter Issue Is partly synonymous with the 
question of appropriate level of analysis employed within each model, Le. whether the model 
addresses organisational level, sub-unitA-vork group level or individual level performance 
processes or integrates performance processes across multiple levels of analysis. 
3.2.1 Theoretical research-based criterion models 
This section compHses a summary and aggregation of input-process-output frameworks and 
associated work group critedon models, as well as addressing models that are more 
theoretical in basis, due to content that addresses what are largely conceptual research 
variables or psychological constructs. The models in this section are taken largely from work 
psychology and group dynamics literature and provide examples which address social 
psychological and individual psychological processes relevant to human performance in the 
working environment. 
In the context of work group effectiveness, several authors have adopted an input-process- 
output framework in order to classify the factors affecting performance and the relationships 
between these variables (e. g. West, 1996a; Guzzo & Shea, 1992; Tannenbaum, Salas & 
Cannon-Bowers, 1996). The input-process-output model is a useful framework for examining 
the interaction of factors that influence performance, as it seeks to identify determinant or 
intermediary criteria that are responsible for producing observed effects upon outcome 
variables. Classifying important performance variables in an input-process-output framework 
represents an attempt to illustrate the fact that the variables which influence produced 
outcomes, and hence the performance of an organisation, do not do so in a simple, linear 
manner, but interact dynamically, in more complicated causal sequences. There are 
therefore intermediary stages of interaction between so-called 'inputs' and the outcomes of 
organisational functioning, which represent the additional interaction of other variables that 
mediate or modify the causal sequence in some way. 
Figure 3. Zla below offers a summary of variables from several simple models that attempt to 
classify work group performance factors in terms of an input-process-output framework. In 
these models, inputs such as the nature of the task, team composition, organisational context 
and cultural context, affect the output or effectiveness of work groups both directly and 
indirectly via work group processes such as leadership, communication, decision-making and 
cohesiveness. 
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Brodbeck (1996) criticises the input-process-output heuristic used extensively to provide a 
context for factors affecting work group effectiveness in the research literature. Accordingly, 
input-process-output approaches over-emphasise the internal activities of work groups, at the 
expense of variables associated with how well the work group integrates with its external 
environment. Actively engaging in boundary management and efforts which coordinate work 
group activities with their broader systemic context, such as the use of 'probing' strategies to 
elicit multi-constituency requirements (Gladstein-Ancona, 1990), are important additional 
aspects of work group performance, which lead to greater work group effectiveness. Simple 
input-process-output models are therefore limited in their capacity to depict specific 
interactions between variables that may be considered to exist at differing levels of analysis of 
organisational structures, which are all subsumed within the broad input-process-output 
classification inherent within the framework. Accordingly, Brodbeck (1996) includes internal 
and external collective strategies as key performance dimensions in his criterion model for the 
study of work group functioning, reproduced here in figure 3.2.1b below. 
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Figure 3.2.1a: Combined, simple input-process-output model of work group 
performance, after. West (1996a), Guzzo & Shea (1992), and 
Tannenbaum, Salas & Cannon-Bowers (1996) 
Figure 3.2.1b: Criterion model of work group perfbrmance (Brodbeck, 1996) 
The main features of the criterion model include the fact that effectiveness outcomes 
comprise social and personal criteria, in addition to innovations, to supplement productive 
output and the model separates out situational constraints inherent in the broader 
organisational context and temporal dimensions. The model makes a 'modified' assumption, 
regarding the relationship between performance and effectiveness, in as much as the external 
environment and level of work group autonomy mediates the efficiency with which 
performance elicits effective outcomes. It also includes temporal aspects of work group 
functioning that may account directly for performance or effectiveness, or both 
simultaneously. The model deliberately varies from an input-process-output framework in that 
situational constraints modify the relationship between work group processes and outcomes, 
and in so doing direct attention to contextual factors that are beyond the control of the work 
group. 
Figure 3.2.1c below depicts a model of work group effectiveness proposed by Tannenbaum 
et al (1996) as a guide for team research, which expands the simple input-process-OutPut 
framework to incorporate various classes of variables within each area. This model may 
therefore be considered to represent a greater depth of influences and describes interaction 
between various processes and variables in detail. Contextual factors determined by the 
broader organisational environment are represented in the team effectiveness model as 
external characteristics that have a universal influence upon all processes and variables 
vAthin the model. Within the 'inputs' category, the model also represents the influence of 
individual-level characteristics of the personnel that comprise the team, yet acknowledges that 
collectively, as a unit, the team also exhibits important characteristics that may be analysed in 
terms of effectiveness. Further inputs to performance processes include the organisation of 
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work and team tasks, including factors such as task complexity and communication structure. 
These factors are presumed to be team variables, as opposed to features of the 
organisational context, Implying a level of autonomy or control over working processes that 
alludes to a self-organisational capacity for the team. In this sense, the model may be applied 
comfortably to autonomous integrated project work groups that are charged with an overall 
requirement or objective, and possess sufficient functional autonomy to organise work and 
break down broad goals into Individual work tasks, according to available team structures and 
task knovAedge. 
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Figure 3.2.1c: Team effectiveness model (Tannenbaum et al, 1996) 
The team effectiveness model adopts a human-centred view of performance processes and 
effectiveness criteria within organisations. Within the output category of the model, the work 
group's operational or formal effectiveness criteria are represented under the team 
performance factors category. The model also recognises and represents human and social 
outcomes from work group functioning, such as enhanced knowledge and working processes, 
which contribute to achievement of the team's work-product goals. The feedback arrow is 
also an important addition, representing learning and development that enhances the team's 
future functional capability through modifying input factors over time. 
Overall the team effectiveness model provides a detailed and comprehensive framework for 
the analysis of human performance processes within team-driven organisations, and serves 
to illustrate the complexity of possible interactions and influences between human and 
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organisational variables. As it employs specific categories that group factors, the model 
implies that all variables within each category influence linked categories of factors in the 
same way. The authors have determined an appropriate level of depth of interactions to 
depict within the model in the interests of representing major influences whilst reducing 
complexity to a minimum to aid comprehension of the user or reader. Conceivably, specific 
influences might be traced between individual sub-factors within the team effectiveness model 
that would provide a higher level of information by representing the system on a lower level of 
abstraction. It should be noted that all of the models within this section of the thesis are 
limited in terms of their ability to describe specific interactions in this way, perhaps most 
importantly in the case of operational or product-related performance criteria, which is often 
depicted as a general outcome category linked to more complicated process elements. 
In addition to modelling functional performance processes and effectiveness criteria, other 
authors that address work group performance factors have adopted different approaches. 
one such approach is that proposed by Castka et al (2001), depicted in figure 3.2.1d, that 
seeks to represent the key enablers; or preconditions for the successful implementation of 
High Performance Teams (HPTs). The model depicted in figure 3.2.1d is based upon the 
framework offered by the authors, elaborated with factors identified from their accompanying 
commentary. 
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Figure 3.2.1d: Factors for the successful implementation of High 
Pertbrmance Teams (HPTs; adapted from Castka et al, 2001) 
Inherent in this model is the dichotomy between what may be regarded as 'system factors', 
which includes work process aspects, organisational contextual factors (such as culture) and 
performance measurement systems, and 'human factors', which includes variables at the 
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group and individual levels. 'Soft' factors permeate this model at all levels of analysis, from 
individual differences and human 'needs' on the level of the Individual within the workgroup, 
through group factors associated with the working environment and climate specific to the 
work group. At the organisational level, strategic alignment In values and objectives is 
considered. The prevalence of soft factors within the model may be expected and Is a 
consequence of the human systems focus and purpose of the model: to facilitate the 
Implementation and support of high performance group working capabilities within an 
organisation. A notable omission from the model, however, Is specific results or outcome 
criteria, other than 'high performance teams', that describe the dimensions of performance or 
effectiveness that the factors within the model support. 
Hackman and Oldham's Job Characteristics research and associated diagnostic survey 
(1974; 1975; 1976) resulted in the development of a Job Characteristics Model, that is aimed 
at specification of determinant factors for vadous outcome variables at the individual level of 
analysis. The Job Characteristics model is depicted in rigure 3. Zle below. 
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Figure 3. Zle: Hackman et at's (1975) Job Characteristics Model 
(source: Buchanan and Huczynski, 1997) 
The Job characteristics model can be employed in job design to enhance the experience of 
work for increased satisfaction, motivation and performance outcomes, through linking the 
features of jobs to the individual's experience of those features. Individual differences in the 
desire for growth and development are accounted for in the mediating person factor 'Growth 
Need Strength' (GNS). Enriching the features of the job may therefore not lead to enhanced 
performance if the individual's GNS is low. The model represents the interaction between 
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person and contextual or work environment characteristics, and as such Is soclotechnical In 
perspective. 
Within the Job Characteristics model, the five Important features of jobs for effective human 
functioning refer to the extent to which a job makes use of different skills and abilities, 
involves a whole and meaningful piece of work, affects the work of other organisational 
members, gives the individual freedom, independence and discretion In carrying it out and 
provides information about ongoing performance attainment. The Implementing concepts 
within the model are activities that may be used to support enhancement of the motivating 
potential of a job. The Job Characteristics model may be considered to be a suitable human 
and organisational performance model as it encompasses individual level variables and 
outcomes, key characteristics of work organisation for effective human performance, linked to 
operational outcomes subsumed within the 'performance quality' variable. The model Is also 
applicable as its core job dimensions may be equally applied in the analysis of project work 
roles that are encountered in the systems engineering domain. 
Figure 3.2.1f below depicts the 'high performance cycle' of Locke and Latham (1990) as an 
example of performance models that address processes that operate predominantly at the 
individual level of analysis. Here, the performance model is proposed to illustrate the factors 
and influences that describe one specific aspect of the individual's functioning; that relating to 
motivational processes. As a theoretical research model that subsumes various established 
approaches to understanding motivational processes, the high performance cycle may be 
considered to represent an integrated theory of motivation. 
As is predominantly the case in psychological research models, variables and their 
interactions are structured according to functional behaviour, as opposed to any specific 
cJassificatory framework. Accordingly, different types of factors representing different levels of 
analysis within an organisational system are subsumed within various functional classes 
according to their nature of influence. In the high performance cycle, specific high goals, high 
expectancy and self-efficacy are associated with high performance outcomes that lead to 
modified reward expectations, job-satisfaction and commitment to organisational goals. This 
relationship is mediated through mechanisms or processes that affect the individual over time, 
such as effort, persistence, direction and task strategies. 
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Figure 3.2.1f. Locke and Latham's (1990) high performance cycle of 
motivation (source: Foster, 2000) 
The Impact of the mediating mechanisms within the model upon the achievement of high 
performance is moderated by several factors that subsume both individual level and 
organisational contextual variables, including level of ability and level of task complexity. 
Afthough a representation of human processes on the individual level, the purpose of the 
model is to represent theorised motivational processes that impact upon performance, and in 
terms of practical support for work performance, the model lacks global consideration of 
determinant factors due to adherence to this perspective. The model does however show that 
when organisational performance determinants are considered from the perspective of the 
human individual, the necessity to consider willingness as well as ability to achieve work 
objectives means causal models must include variables representing the Influence of 
psychological processes that cannot necessarily be depicted in simple linear sequences. 
The congruence model of organisational behaviour proposed by Tushman et al (1986) and 
depicted in figure 3. ZIg below represents a more global view of behavioural processes 
within the entire organisation, that impact upon performance. As such, the congruence model 
represents a comprehensive approach to the modelling of performance factors within an 
organisation that is not limited to the perspective of the individual or work group, and which 
specifies separate output criteria that relates directly to separate individual, sub-unit and 
organisational levels of analysis within a sociotechnical system. 
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Figure 3.2.1g: Tushman and Nadler's (1986) Congruence model of 
organisational behaviour (source: Blanchard, 1990) 
In terms of applicability to the systems engineering domain, the congruence model Is used to 
describe relevant organisational behaviour by Blanchard (1990) in a guide to engineering 
project management tools and techniques. It may therefore be considered to be relevant to 
application in support of project-based organisational functioning and management. Inherent 
within the model is the assumption that organising for a successful project involves 
maximising the congruence between inputs, strategy, elements in the transformation process i 
and desired outputs. In terms of the behavioural aspects of the model, which represent the 
processes that translate inputs to outputs, several classes of variables are specified 
associated with strategic governance, work organisation, formal and informal structures and 
individual level variables. Strategies are developed under the influence of environmental 
factors, available resources, traditions and history of the organisation, and are translated into 
operational tasks and objectives. The actual organisation and specification of work tasks are 
outlined to implement the strategy within the framework of formal and Informal organisational 
structures and within the constraints of human capabilities and requirements. 
The congruence model of organisational behaviour represents an important contribution to 
engineering management science, in its inclusion of individual level criteria representing the 
human elements of an organisational system and representation of the informal organisational 
Structure, which recognises the importance of informal management practices, interpersonal 
relationships and working arrangements. All of these factors may be associated with the 
contribution of evolving social networks and embedded tacit knowledge to enhancement of 
overall organisational performance. 
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3.2.2 Applied models from the management sciences literature 
The applied models in this section are from the management sciences literature and may be 
considered more practically applied in content than the theoretical models outlined In the 
previous section of this thesis, which are predominantly aimed at explaining complex 
processes or providing a structure for research within specific domains. The examples below 
were identified due to their focus upon human and organisational factors that contribute to 
organisational performance, and all have a sizable volume of literature associated with their 
application. 
The People Capability Maturity Model (PCMM) (Curtis, 2002; Curtis, Hefley & Miller, 2001), 
depicted in figure 3. Z2a, offers over twenty 'key process areas' addressing human and 
organisational factors that contribute to organisational performance. As a progressive criteria 
model, the people capability maturity model may be applied to assess the degree of maturity 
In human resource and other processes that impact upon human capability within an 
organisation. The framework is prescriptive in that it assumes the characteristics of effective 
organisations embedded within it are universal. 
The process maturity levels within the PCMM are acquired in succession and are based upon 
a standard framework common to a series of capability maturity models in different areas of 
organisational operations (e. g. Paulk, 1995). In the model, high maturity organisations, are 
characterised by increased process control and predictability through measurement of 
operations. The effect Is to deliver enhanced, repeatable organisational performance and 
continuous process improvement. Development of processes up through the levels in the 
model is enabled by specified 'key process areas' for each discipline, in this case human 
resource management practices. Through analysis of status and performance In the key 
process areas specified within this framework, the organisation can support continuous 
improvement up through the maturity levels within the model. 
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Figure 3.2.2a: People Capability Maturity model 
(PCMM, adapted from Curtis, 2002) 
The PCMM Is predominantly action-oriented and as such identifies activities that form 
enablers for enhanced performance. Whilst the activities themselves, their presence/absence 
or level, may be considered to be determinant or process factors for high performance, it is 
not clear from the model alone what the expected performance outcomes affected are, other 
than maturity. In scope, the model addresses organisational level activities most commonly 
associated with the human resources function, but the activities themselves are aimed at the 
support of individual and work group performance and encompass a broad range of human 
and organisational factors. Exact causal influences, however, are not directly specified. 
Kaplan and Norton's 'Balanced Scorecard, model (1993; 1996a; 1996b) has received much 
attention in the performance management literature due to its premise of supplementing 
traditional financial performance indicators with other 'balanced' perspectives that aim to 
provide a more complete performance assessment for strategic business management. 
Much work has been undertaken on the application and assessment of benefits associated 
with the balanced scorecard (e. g. Olve et al, 2000; Simons, 2000). The main framework of 
the balanced scorecard is reproduced within Figure 3. Z2b below. 
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Figure 3.2.2b: The Balanced Scorecard (Kaplan and Norton, 1996a) 
Schaffer (2000) classifies the balanced scorecard as a 'Performance systems architecture', 
which addresses performance processes only, as opposed to an organisational system 
architecture that seeks to accurately represent a holistic view of the organisation's complete 
structural elements and interrelationships. As a 'performance systems architecture', it 
inevitably embodies the model developers own perspective upon what the important or key 
variables and processes for performance are, from the larger sub-set that represents the 
properties and functioning of the complete system. 
From a soft factors perspective, the 'learning and growth' perspective within the balanced 
scorecard framework attracts the most attention, due to its orientation towards enhancing the 
capabilities of people, systems and organisational processes. Inherent in the approach, 
objectives in the learning and growth perspectives are considered to be drivers for achieving 
high performance outcomes in the other three scorecard perspectives and include targets 
associated with employee capabilities, motivation, empowerment and alignment. Although a 
principle exponent of the view that tangible outcome criteria such as financial performance 
variables are largely dependent upon the quality of complex human and organisational 
processes, especially where a strategic, long-term perspective is adopted, the balanced 
scorecard only informally supports causal analysis of performance processes and does not 
explicitly specify causal influences. The assumption that organisational-level performance 
outcomes are the result of factors that operate within the four perspectives is more implicit. 
As a well-established method aimed at universal performance measurement practices with 
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supporting tools, the balanced scorecard may be considered to be applicable to all operations 
and business environments that are process-centred and report performance against set 
criteria. The balanced scorecard addresses functioning and assesses performance at the 
organisational level of analysis. 
Another popular performance model from the management sciences literature finds its origin 
in the quality management movement. The European Foundation for Quality Management 
model (EFQM, 1998), sometimes referred to as the European Business Excellence model, 
cleady distinguishes between outcome factors ('results') and process factor determinants 
('enablers'). The EFQM model is reproduced in figure 3.2.2c below. 
ENABLERS 50% RESULTS 50% 
1111 
The EFQM model aims to improve European business through the application of Total Quality 
Management principles and is based largely upon the US Malcolm Baldridge Award. The 
factors included within the model encompass employee-focused as well as customer-focused 
criteria, which are linked to non-financial measures. From a human perspective, the 
leadership, people management and people satisfaction factors are of particular interest. 
importantly, the EFQM model recognises that tangible business results are only one facet of 
the results of organisational functioning, and that other softer criteria may also be evaluated in 
order to determine the achieved level of success. The model also depicts the outcomes: 
people satisfaction, customer satisfaction and impact upon society as 'upstream' variables 
from business results, highlighting the implication that human processes drive business 
performance. 
An important functional charactedstic of the EFQM model is that it incorporates weightings 
assigned to each factor, that represent the pdority of each factor in contdbution to the overall 
concept of 'excellence'. Equal weightings are assigned to the results and enablers categories 
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Figure 3.2.2c: European Foundation for Quality Management (EFQM, 1998) 
Business Excellence model 
(50%), implying that business excellence is achieved through equal attention to retrospective 
outcomes and more proactive process factors. Developing effective leadership and people 
management processes to increase satisfaction of employees may be estimated as 
contributing almost a third of the necessary capability to achieve excellence in operations. 
The EFQM model is offered as a universal guiding framework for support of performance on a 
business-wide or organisational level, but it may also be applied upon lower sub-levels to 
address performance in more localised organisational structures, such as projects or work 
groups. Figures 3.2.2d and 3.2.2e below depict two EFQM model variants, developed to 
apply to apply to individual projects and teams, respectively. To the extent that the EFQM 
model is applicable in these scenarios, it may be considered to represent important 
performance processes for systems engineering project management teams. 
Within Bryde's (2003) Project Management Performance Assessment (PMPA) model, 'project 
management leadership' involves raising awareness of quality management concepts, 
supporting development towards the objective of a broader role for project-based operations 
in the organisation and extending projects beyond the aim of managing output from unique, 
capital intensive activities to encompass softer projects such as change management or 
capability development. Key leadership performance factors included promotion of open, two- 
way partnerships between customers and suppliers, development of a shared, common 
project language and implementation of team-based operations. The human focus upon 
project personnel recognises a need to plan and manage human resources from the 
individual project's perspective, as well as in terms of broader organisational level 
competencies and the provision of appraisal, reward and recognition for project-relevant 
performance. 
ENABLERS RESULTS 
3M Staff 
Project Life 
Policy & Cycle PM Key Performance 
; trategy Management Indicators (KPIs) 
ProcAmses 
irtnemhips 
cxjfces... 
Figure 3.2.2d. Modified EFQM model for Project Management Performance 
Assessment (PMPA; Bryde, 2003) 
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In terms of research findings associated with development and application of the PMPA 
model, Bryde states that failure to establish a common project language is often cited as a 
reason for poor project performance, though this factor overlaps with inability to establish 
open customer-supplier partnerships. Relative proximity of project personnel was found to 
have a detrimental effect upon performance in projects that incorporated geographically 
dispersed team members. The importance of developing processes to increase project 
capability, specifically in the area of human capability of project team members, was also 
highlighted. Critical strategies for obtaining this were found to include: staff training and 
development, staff recruitment and team selection, all of which prioritised technical skills, 
emotional drive, people skills and organisational knowledge as important facets of human 
competency for project-based operations. 
Castka et al (2003) have applied the EFQM model to work groups in order to measure 
teamwork culture. The Teamwork Excellence Model (TEaM) preserves the results criteria 
specified in the original EFQM model, but adds a third category of factors: 'team enablers' to 
describe several factors that account for successful implementation of high performance 
teams. The intermediary team enablers category accounts for how organisational enablers 
allow key results to be achieved through team-working processes and includes factors such 
as team knowledge and skills, group culture, alignment and interaction with external entities 
and team-working processes. 
Several performance models have been developed from the perspective of intellectual capital 
as the key performance driver in modem knoWedge-intensive enterprises (e. g. Stewart, 1997; 
Gray, 2001; Skyrme, 1998; Sveiby, 1997). Figure 3.2.2f below depicts the 'Skandia IC 
Navigator (Edvinsson & Malone, 1997) that was developed in order to enhance the visibility 
and measurability of intangible and soft assets that represent the performance capability, and 
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Figure 3.2.2e: Modified EFQM model of Teamwork Excellence 
(TEaM, Castka et al, 2003) 
hence value, of an organisation. As with many of the models reported In this section of the 
thesis, the Skandia Navigator includes a temporal dimension, with the 'financial focus, 
representing outcome or results criteria that are conventionally recorded In a company's 
balance sheet. Financial criteria are classed as 'historical' In focus, meaning that they are 
retrospective Indicators or 'lag' measures that can only indicate the value of results after the 
event. 'Upstream' determining factors are therefore represented In the more proactive 'today' 
and tomorrow' areas of the model, in which human capability, work processes and renewal 
and development efforts are represented. It is notable that the human focus is depicted as 
central in influences within the model, underlying all other factors. Edvinsson and Malone 
state that the human system is the only 'active force' within the model, representing "the 
heart, the intelligence and the soul of the organisation" (1997, p69). 
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TODAY: Aler NA 
Customer focus Human Process focus 
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Human Structural 
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Stakeholder 
Capital: Capital: Capital: 
Sldlls & Intellectual Customers 
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Figure 3.2.2f. Skandia IC Navigator and breakdown of Intellectual Capital 
concept (adapted from Edvinsson and Malone, 1997 and Gray, 2001) 
The Skandia Navigator provides an overview of the relationship between what may be 
regarded as a number of broad categories of performance factors and as such is limited in its 
descriptive content regarding specific factors and exact mechanisms of influence, without the 
benefit of accompanying documentation. In scope, however, the model represents the 
important contribution that the intellectual capital movement makes to the definition of soft 
factors or 'intangibles' that underpin performance processes. Accompanying the model in 
rigure 3.2.2f is a breakdown of intellectual capital, based upon work by Gray (2001) to 
represent specific factors that populate the perspectives depicted within the model. 
Intellectual capital may therefore be broken down into 'human capital', representing skills, 
knowledge, culture and capabilities of people in the organisation, 'structural capital' 
representing process knowledge captured by the organisation and 'stakeholder capital' 
representing the value of established collaborative relationships and reputation. 
More recent work addressing human capital has focused upon the human contribution to 
organisational performance and one model arising from this area of work is the 'Human 
Capital Monitor (Mayo, 2001), depicted in rigure 3. Z2g below. As a performance model, the 
Human Capital Monitor clearly depicts soft determinant factors for financially based outcomes, 
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Including human capability, human development and retention activities and human 
motivation and commitment. 
PEOPLE AS PEOPLE MOTIVATION PEOPLE CONTRIBUTION 
ASSETS AND COMMITMENT TO ADDED VALUE 
Human Asset Work Environment: 
Worth: Financial 
- Leadership 
- Capability - Practical support Non-financial 
- Potential - The work group 
- Contribution + Learning and 
- Values Alignment development 
Rewards and Current 
Maximising Human recognition 
Capital: Future 
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Figure 3.2.2g: The Human Capital Monitor (Mayo, 2001) 
Through recognising the importance of capability and Willingness of people to contribute value 
to an organisation, the human capital monitor makes an important contribution to definition of 
soft performance processes for modelling efforts. The model also highlights interaction 
between human capabilities and features of the work environment, such as the systems and 
processes put in place to guide human effort and behaviour. Both the intellectual capital 
performance models depicted here may be considered to be general frameworks representing 
organisational level processes, as opposed to team or individual level functioning. To the 
extent that they focus upon the operation of human systems, variables and perspectives 
contained within both models may be usefully applied at all levels of the organisation to 
identify or classify specific factors that influence individuals, work groups or definable sub- 
units such as the project organisation. 
3.3 Human and organisational performance factors 
Dinsmore (1990) states that of all performance issues encountered in project operations, at 
least 50% and potentially as much as 75% are due to 'behavioural', people problems as 
opposed to technical issues. Control of soft factors in project operations is therefore 
paramount for successful organisational functioning. In order to establish an adequate 
conceptual research base upon which to develop a practical approach to the problem of 
measuring soft factors in projects, relevant human and management sciences research 
literature was reviewed. This activity was undertaken in order to: 1) identify potential human 
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and organisational factors that impact upon operational performance In a work environment, 
and 2) explore research evidence of dependencies and associations between factors in order 
to achieve a theoretical understanding of causal links to feed Into a model of human and 
organisational performance processes. According to conceptual distinctions made In an 
earlier section of this thesis, the human and organisational performance factors discussed 
below may all be considered 'upstream' process Indicators for performance outcome criteria. 
Through initial review of the research literature and early interviews with project supervisors, a 
number of potential areas of interest were established for further investigation. These topic 
areas included: work group composition, group cohesion, leadership, autonomy, resource 
adequacy, goal and task characteristics, workload, cultural factors, IT, motivation, 
performance feedback, decision-making, group development, organisational learning, 
planning and scheduling, boundary issues, innovation, well-being, and trust. 
In the sub-sections that follow, key research findings and theoretical considerations identified 
from relevant literatures are summarised under each of the general topic areas listed above. 
In reviewing the literature, the focus was upon identifying links to organisational performance 
where possible, and identification of key variables for subsequent development and 
implementation in an applied soft metrics approach. Due to the broad scope of these topic 
areas and volume of research literature reviewed, this current section of the thesis 
summarises what were regarded as the main research findings in each area. For more 
detailed and elaborative consideration of research-based knowledge relating to the key 
human and organisational performance factors outlined below, the reader is referred to 
appendix A. Key operational effectiveness criteria representing variables for the assessment 
of organisational performance outcomes are summarised in a later section of this thesis 
(section 3-4). 
3.3.1 Work group composition factors 
In considering work group composition factors and individual-level characteristics of work 
group members that have been found to impact upon the performance of the team, several 
variables have been studied including: homogeneity or heterogeneity in work group 
composition structure, work group size and demographic or person-characteristics of work 
group members such as age, gender, ethnicity, educational level, training, ability levels, 
personality, attitudes and values, professional background, status and geographical location 
(e. g. West, 1996a; Jackson, 1996; Unsworth & West, 2000). Demographic homogeneity in 
terms of age, sex and educational level tends to predict group cohesiveness, rather than 
influencing work group effectiveness directly (West, 1996a). Certain individual characteristics 
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are known to influence the effectiveness of group decision-making processes, Including 
communication skills, egocentricity, propensity to dominate group discussions, status, gender 
and hierarchy, though little clear evidence exists as to how the personality of Individual group 
members affects work group performance directly (West, 1996a). Brown (1988) identifies 
social conformity as an important factor leading to withholding of information that contradicts 
the dominant view represented by majority opinion, which Influences the effectiveness of 
decision-making processes. 
The size of a work group has been identified as having an Impact upon Its effectiveness. 
Stroebe and Frey (1982) state that 'coordination' process losses can occur in larger groups 
due to the Increased requirement to arrange times for meetings, coordinate tasks, Integrate 
and pass on information, resulting in detriment in effort available for directly productive work. 
Larger groups may also expend more effort in coordinating Interactions during group 
discussion and decision-making processes (Unsworth & West, 2000). In terms of 
heterogeneity in age, Jackson et al (1991) reports that staff turnover rates are higher in teams 
that vary in terms of group members' ages and age may Influence the level of conflict in the 
group through risk-taking propensity and problem-solving approaches. 
Watson et al (1993) suggests that culturally heterogeneous groups may experience less 
effective intragroup communication, especially in newly formed teams, though other evidence 
suggests that work groups incorporating cultural diversity in group composition, exceed the 
performance of their monocultural counterparts due to benefits associated with the diversity of 
perspectives inherent in a culturally heterogeneous group (Smith and Noakes, 1996). Smith 
and Noakes also offer several factors that may impede performance in culturally diverse 
groups, however, including: language problems, differing approaches to interpersonal 
relationships, differing perspectives on time, varied preferred leadership styles and formation 
of sub-groups Wthin the team. 
In terms of ability level, group problem solving performance is generally a positive function of 
average group member ability level (West, 1996a), though this relationship is not simply linear 
and the extent to which a group members ability level influences group performance can be 
affected by other factors such as status, popularity and political processes within the group. 
Heterogeneity in functional background has been identified as a factor more likely to impact 
upon team performance (e. g. West, 1996a; Unsworth and West, 2000) resulting in more 
creative decisions of higher quality than professionally homogeneous groups. Diversity in 
task-relevant skills and knowledge therefore leads to greater team effectiveness. Related 
research results include the finding that diversity in educational specialisation within a team 
leads to more adaptive organisation and more effective strategic change Wiersema and 
Bantel, 1992), as well as clearer corporate strategy (Bantel, 1993). In terms of knowledge 
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requirements for composition of successful teams, Siemieniuch, Sinclair and Fairclough 
(1999) highlight knowledge relating to operational procedures, human resources, products, 
equipment, control processes, quality assurance and the functional domain as Important. 
Fletcher (2000) offers several important managerial competencies that may be considered In 
the selection of individuals for high performance management teams, including: problem 
analysis and judgement capability, planning and organisational capability, motivation of 
others, achievement and energy, and tenacity or resilience. 
3.3.2 Group cohesion, leadership and autonomy 
Group cohesion may be defined as the degree of liking or attraction between group members 
and their liking for the group itself. Unsworth and West (2000) offer several research findings 
concerning the relationship between 'cohesive' groups and high performance. Cohesiveness 
can influence work group effectiveness by increasing motivation and group members' helping 
behaviours. Members of socially integrated groups consequently experience higher morale 
and job-satisfaction. Highly cohesive work groups also incur less coordination and 
communication costs and can therefore apply more attention to task-related activities such as 
problem solving. Accordingly, cohesive groups are reported to devote more time to planning 
and problem analysis. Mullen and Copper (1994) reviewed evidence from forty-nine separate 
studies of the cohesiveness-performance effect and report that there is a statistically 
significant relationship between group cohesiveness and group task performance. The 
direction of influence, however, remains to be clarified and may be strongest from 
performance to cohesiveness, i. e. successful, high performance fosters greater intra-group 
cohesion. 
Bass (1990) proposes two types of leadership styles that motivate and direct work groups 
towards the achievement of their performance goals. 'Transactional' leadership employs 
transactions, exchanges and contingent rewards and punishments to change team members' 
behaviour. This style focuses upon task-oriented behaviours, and interventions to reinforce 
required behaviour and deploy sanctions for negative performance. In contrast, the 
'transformational' leadership style involves influencing and inspiring team members through 
charisma and visioning, and motivating individuals towards completing tasks as part of a team 
rather than just focusing upon group members individual objectives and performance. 
Markiewicz and West (1997) suggest three main functions in which group leaders must be 
competent: group management, coaching individuals and leading the group. Group 
management capability involves setting clear objectives, clarifying the roles of work group 
members, evaluating individual contributions and developing individual tasks, providing 
feedback on group performance and reviewing team processes, strategies and objectives. 
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The ability to coach individuals requires listening, recognising and revealing individuals' 
thoughts and opinions, giving feedback and agreeing goals. Leading the group Involves 
creating favourable performance conditions for the work group, building and maintaining the 
work group as a performing unit and coaching and supporting the group. 
In a meta-analysis of 131 field studies of organisational change by Macy and lzuml (1993), 
the authors concluded that the creation of autonomous workgroups, with substantial 
responsibility for their own work, had a positive Impact upon financial measures of 
organisational performance. Cordery (1996) offers several reasons for Improved work group 
performance as a result of self-management, including: increased speed In decision-making, 
higher innovation and creativity, a more trusting and open group working climate, individual 
empowerment and increased self-efficacy. The impact of autonomous functioning on the 
individual's job characteristics, including autonomy, feedback, task significance, task identity, 
and skill variety, is related to enhanced work performance through increased job satisfaction, 
motivation and lower absenteeism (Hackman and Oldham, 1976). Work group autonomy Is 
linked to leadership by Gulowsen (1979) who states that type of leadership may influence the 
degree to which a work group can decide where, when and how to work, can decide how to 
sub-divide tasks and assign them to group members, can influence the formulation of goals 
and can self-determine group composition. Leadership style Is also synonymous with cultural 
performance determinants and research has shown that the pervasive style of leadership 
evident in an organisation's culture may have a direct impact upon team level performance 
achievement (Chalmers, 2001). 
3.3.3 Resource availability and quality 
Peters and O'Connor (1980) highlight the importance of adequate resource provision for 
effective human performance within the organisation. Even though individuals may be 
knowledgeable or skilful and motivated enough to be able to successfully accomplish a task, 
they can be prevented from doing so by unavailability of resources, or inadequate quantity 
and quality of resources. In terms of the types of resources required for effective team 
performance, the availability of resources such as people, money and equipment, as well as 
the appropriateness of the work technology used, affects the relationship between work group 
processes and effectiveness (West, 1996a). Similarly, Tannenbaum, Salas and Cannon- 
Bowers (1996) state that an important prerequisite of effective performance and team success 
is that a work group's resource needs are met. The work group's resource needs include time 
allowed for members to work on the group's tasks, access to information necessary to 
complete the tasks, necessary equipment and personnel made available, appropriate or 
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available organisational policies and commitment over the long term to group-member 
development and skill-acquisition. 
3.3.4 Group goal characteristics 
Pritchard et al (1988) reports research in which the incremental effects of Introducing group 
feedback, goal setting, and incentives upon productivity were measured using organisational 
units in a military context. The reported average increases in productivity over established 
baseline performance were 50%, 75% and 76% respectively, indicating the Importance of 
group feedback and goal setting for work group effectiveness. In a review by Weldon & 
Weingart (1994) of more than thirty studies of group goals and group performance In various 
work settings, it was concluded that the introduction of group-based goals led to better 
performance and productivity, with specific and difficult goals in particular leading to improved 
performance over more general and easier to achieve objectives. Several factors relating to 
work group objectives are highlighted as important for optimal performance, Including: 
comprehensiveness of goal-setting activities covering all aspects of functioning, availability of 
feedback regarding progress towards goal achievement, ability to break down group goals 
into individual-level work objectives and management of failure. Goal commitment on the part 
of group members was also found to be an important factor influencing goal attainment. 
Commitment to objectives was found to be influenced by the attractiveness of the goal, the 
perceived difficulty of the goal, the presence of competing goals and the goal commitment of 
others in the group. In the goal-setting theory of motivation (Locke, 1968), several important 
variables associated with inherent characteristics of task goals are highlighted that Influence 
performance through increasing motivation. These factors may be summarised as: goal 
difficulty, compatibility of goals, goal specificity, goal acceptance and inherent feedback. 
3.3.5 Task and role characteristics 
Work group task characteristics can be classified In terms of the cognitive requirements they 
place upon work group members. Kent and McGrath (1969) conclude that much of the 
variance in work group performance can be accounted for by the nature of the task itself. 
Employing various work group outcome indicators such as issue involvement, originality and 
action orientation, Kent and McGrath found that differences in the inherent cognitive features 
of tasks influenced group effectiveness outcomes. Production tasks tended to result in high 
originality but low issue involvement, whereas discussion tasks had the opposite effect. The 
degree of visibility of individual's performance to other team-members is particularly important 
if negative effects associated with 'social loafing' are to be avoided (George, 1992). The 
degree to which task design within the group incorporates the facility to both identify and 
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evaluate Individual contributions may therefore be Identified as an Important performance 
factor. According to Guzzo and Shea (1992), group member's tasks and roles should be 
designed In such a way as to be unique, Important and make a meaningful and visible 
contribution to the effectiveness of the work group, if individuals are to be motivated and work 
effectively with others towards achieving the groups objectives. 
Warr (1987; 1996) offers nine categories of work environment features that Influence 
employee well-being and experienced job-satisfaction, which in turn Influence motivation and 
performance. The important work environment characteristics from a human perspective may 
be summarised as: opportunity for personal control, opportunity for skill use, presence of 
externally generated goals, variety in work experience, clarity In the working environment, 
opportunity for interpersonal contact and provision of a valued social position, amongst 
others. Similarly, Hackman and Oldham (1976; 1980) offer several job dimensions that 
Interact with characteristics of the individual to Influence work performance. 'Skill variety' 
refers to the extent to which work activities utilise different skills and abilities of the individual 
and task identity' refers to the degree to which the job involves completion of a 'whole', 
Identifiable and meaningful piece of work. The degree to which the individual's work Impacts 
upon the lives or work of other people and broader society is represented in the 'task 
significance dimension' and 'autonomy' refers to the inherent freedom, independence and 
discretion available in the performance of the work task. Finally, the availability of relevant 
information regarding the individual's performance is incorporated in the'feedback! dimension. 
In analysis of work group task structures, several temporal dimensions have been identified 
as potential performance factors, including task concurrency, succession and coordination 
features (McGrath and O'Connor, 1996). 
3.3.6 Workload 
Tattersall (2000) states that mental workload, which may be loosely defined as the costs that 
humans incur in performing tasks, is a multidimensional concept that is difficult to measure 
and which incorporates aspects such as time pressure, mental load and stress or frustration. 
Mental workload therefore represents the operation of factors associated with features of the 
work task, relative to the characteristics and experience of the individual. Mental workload is 
an increasingly important performance factor due to increasing cognitive demands in modem 
jobs. Tasks demands that are too high or too low may lead to degradation in observed 
performance. Consideration of workload also implicates other antecedent factors as a human 
workers performance cannot be improved indefinitely simply through 'working harder. 
Humans must be motivated to sustain high mental effort through attention to task demands 
and awareness of the operating goals. Siemieniuch, Sinclair and Fairclough (1999) outline 
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various constructs that can be used to classify workload level for Individual operations In a 
process, Including: temporal demands, operation criticality, operation uncertainty, operation 
complexity, degree of precision required and the required level of mental or physical effort. 
3.3.7 Organisational culture and group working climate 
Many culturally determined aspects of organisations have been addressed by organisational 
culture and climate research, including organisational effectiveness (e. g. Denison, 1990) and 
safety (e. g. Grote and KOnzler, 2000). Unsworth and West (2000) define work group cAimate 
as shared perceptions, values and beliefs regarding formal and Informal policies, procedures 
and practices, that may influence performance, productivity and innovation. Research Into the 
factors that influence innovation in work groups (e. g. West, 1990; West & Anderson, 1996) 
propose four factors that are required to create an effective climate for Innovation, Including: 
shared vision, participatory culture, support for Innovation and commitment to high quality task 
performance. 
Successful team-based organisations require commitment to skill development, well-being 
and support of employees. Where the climate is characterised by high control, low autonomy 
for employees, lack of concern for employee welfare and limited commitment to training, 
group-working effectiveness will suffer as a result (Markiewicz & West, 1997). Mohrman et al 
(1995) demonstrates that inter-team competition is a major threat for team-based working, as 
competing teams may develop more commitment to their own success than to that of the 
organiSation on a whole, which may in turn lead to the withholding of vital Information and 
support from other 'competing' teams. A competitive culture may, therefore, promote 
individual work group goals above and without reference to the broader goals of the 
organisation. 
3.3.8 IT SUPPOft 
The adequacy of information technology to facilitate human communication Is an important 
factor that may influence operational performance. One of the biggest challenges for 
information technology to support modem working practices lies in achieving functional socio- 
technical integration. Computer Supported Cooperative Work (CSCW) systems must 
therefore adequately integrate with social processes within an organisation, if they are to be 
accepted and functional (Eason, 2002). According to McGrath and O'Connor (1996), 
technology and communications technology in particular, holds important implications for the 
temporal patterning of communication in work groups. In an evaluation of the use of CSCW 
systems in the automotive industry, Siernieniuch and Sinclair (1999b) comment upon the role 
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of Information and communications technology in supporting Information-handling and 
collaborative working of groups that are geographically distributed throughout the supply 
chain. Several technological issues are Important for the performance of distributed work 
groups, including: adequate IT support for human networking, integration of Information 
management systems and provision of effective tools that allow on-line, available, up-to-date 
and accurate temporal scheduling. The potential impact of IT adequacy on performance Is 
demonstrated by Davenport and Prusak (1998) through quantifiably measured productivity 
Increases and savings in both money and time achieved following the Implementation of 
virtual team-working technology in an organisation. 
3.3.9 Human motivation and performance feedback 
Buchanan and Huczynski (1997) define motivation as the internal psychological process of 
Initiating, energising, directing and maintaining goal-directed behaviour. Several conceptual 
approaches to the study of motivational processes have been proposed in the research 
literature (e. g. Vroom, 1964; Locke, 1968; Locke and Latham, 1990). Locke (1968) states 
that motivation is influenced by specific intrinsic characteristics of work tasks, namely features 
associated with the goals of work task activities. Locke and Latham (1990) propose an 
integrated theory of motivation that depicts motivation as a complex process, subject to 
various moderating factors. Job satisfaction, for example, does not influence motivation 
directly but acts through influencing commitment to the organisation's goals in determining 
high performance. Well specified, high yet attainable goals, high expectancy on the part of 
the individual and high self-efficacy all influence performance through increasing the effort, 
persistence and sense of direction in the individual's approach to work tasks. This effect is 
moderated by the individual's commitment to the organisations goals, their ability, task 
complexity and inherent feedback and broader situational constraints. Vroom (1964) 
proposes three factors that affect human performance through influencing motivation for 
effective activity in the work-place. 'Expectancy and 'instrumentality refer to the belief that an 
individual's performance will be instrumental in achieving desired outcomes. Desirability of 
outcome is the third factor, representing perceived rewards that are not necessarily confined 
to external rewards such as pay incentives, but may incorporate intrinsically rewarding 
features of the task itself. 
Fletcher (2000) highlights the link between performance feedback and motivation, by 
stressing that the very act of giving feedback provides motivation as people have an inherent 
desire to know the efficacy of their actions and behaviour. Feedback is important for 
performance on an individual level, which is supported and improved by supplying information 
regarding the effectiveness of ongoing behaviour. Formalised performance feedback 
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processes in the organisation, such as staff appraisal or evaluation procedures, also provide 
motivation by governing the allocation of rewards and reinforcing positive performance 
through offering incentives related to salary and personal development opportunities. 
Assessment practices that involve target-setting also have a motivating effect by directing the 
Individual's efforts towards the achievement of specific goals. 
3.3.10 Decision processes 
Courtney (2001), in a consideration of the personal or Individual perspective In organisational 
decision-making, identifies several important Individual-level variables that influence decision- 
making style, including: individual expedences, training, intuition, values, ethics, personality 
factors and attitudes to risk. Research indicates various Instances of apparent negative 
performance effects resulting from the aggregation of individual's work efforts In group 
situations. Rogelberg et al (1992), for example, reports that whilst groups make better 
decisions than the average quality of individual's decisions when rated by experts, they 
consistently fail to exceed the quality of decisions made by the most capable group members 
when working as individuals. Similarly, Diehl and Stroebe (1987) in their study of 
'brainstorming' groups, report that the quality and quantity of ideas produced by Individuals 
working alone exceeds those produced when individuals work together. Other research, 
however, highlights important performance benefits achieved through team-based working 
practices. The multi-disciplinary work team literature suggests that group-working procedures 
aimed at functional integration convey performance benefits due to varied participation and 
combination of a broad range of experience and expertise brought to bear upon group tasks 
(e. g. Jackson, 1996). 
Unsworth and West (2000) specify several sequential sub-activities or stages within work 
group decision-making processes, including: problem recognition and definition, solution 
generation, solution analysis and choice, followed by solution Implementation. Maier (1970) 
found that work groups which focus upon the problem as well as the solution, are more 
effective. Defining the problem through analysis improves work group decision-making and 
defining the problem from a variety of different Perspectives produces a broader range of 
possible solutions. 
'Groupthink' is a group decision-making 'syndrome' reported by Janis (1982,1989) in which 
groups may make erroneous decisions due to a pre-occupation with maintaining internal 
agreement over consideration of the quality of group decision-making. Groupthink is most 
likely to occur in groups with a dominant supervisor, and in highly cohesive groups. 
Groupthink is also more likely to occur in conditions that foster Isolation of the group from 
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alternative perspectives and sources of information and Is characterised by decision-making 
and group behaviour that is not based upon rational Information and reality, but rather Is 
motivated by group-consensus seeking. In contrast with high cohesiveness, conflict In the 
group decision-making process can have a positive effect upon group performance, by 
promoting the elaboration of views, the integration of opinions and the search for new 
Information and Ideas (Tjosvold, 1985; 1991). Constructive controversy In intra-group 
Interactions has been found to be an important factor influencing the Innovativeness of work 
groups (West & Anderson, 1993). 
3.3.11 Work group development and learning 
The time dimension becomes important for work group effectiveness In the consideration of 
group developmental sequences and other temporally determined factors, Implying that over 
the course of time, different factors will become prominent In influencing work group 
effectiveness (e. g. Tuckman, 1965; Smith & Noakes, 1996; McGrath & O'Connor, 1996). 
Tannenbaum, Salas and Cannon-Bowers' review of efforts to promote work group 
effectiveness (1996) incorporates a temporal dimension in the definition of work group 
effectiveness, defining performance in terms of how well the team accomplishes it's goal or 
mission and its ability to develop and regenerate itself, allowing it to sustain its performance 
and accomplish its mission over a period of time. This consideration becomes important for 
the effectiveness of a work group's functioning, which may not reach optimum output until 
various factors associated with the novelty of the situation in a newly formed group are 
overcOme. 
From a review of over fifty studies of group-working, Tuckman (1965) proposes a theory of 
group development incorporating several stages. According to this developmental approach, 
groups progress through different stages of socio-emotional activity and associated task 
behaviour over time. Initial formative stages involve periods of orientation and dependence, 
followed by stages of conflict, resolution, role-taking and problem-solving, culminating in 
eventual disengagement. Argote & McGrath (1993) propose four genedc'CORE' processes 
(Construction processes, Operations processes, Reconstruction processes and External 
Relations processes) as descriptive of activities that take place in the typical work group life- 
cycle. Similarly, McGrath and O'Connor (1996) state that groups are dynamic systems that 
develop and change over time. A work group's functioning is therefore affected by several 
key temporal processes during its lifecycle: the origins and subsequent development of a 
group as a socio-technical system, the processes by which the work group performs its tasks, 
changes in the group as a function of its own developmental and task performance 
experience, and dynamic changes that occur in groups as a result of changes in their 
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environments and composition. The concept of synchronisation or coordination of multiple 
activities in time represents an important factor that influences group task performance. 
Synchronisation Involves issues such as task concurrency, succession and coordination of 
individual work activities that contribute towards the group's overall objectives. 
The development of established group norms, working procedures and routines over time Is 
also highlighted as an Important natural process of learning that distinguishes high 
performance teams. West (1996b) states that group-working practices enable organisations 
to maintain 'memories' of knowledge and lessons leamt relating to organisational functioning. 
Through group experience, shared knowledge and skills develop which are then retained, 
even if one member leaves the group. Information therefore continues to be maintained In 
group memory. Mohrman, Cohen and Mohrman (1995) Identifies the fact that work groups 
enable organisations to learn and retain learning more effectively as one of the main reasons 
why organisations should implement group-based working approaches. 
3.3.12 Planning and scheduling 
McGrath and O'Connor (1996) conclude that the relationship between imposed deadlines and 
performance goals is important to productivity. The authors advocate the expansion of the 
concept of goal setting beyond the dimension of quantity to include issues of quality and 
timing as well. Organisational scheduling activities are defined as the matching of specific 
periods of time to specific sets of activities and to specific social units (i. e. individuals and 
groups) that are to perform those activities. McGrath and O'Connor summarise the main 
challenges faced by work groups in the planning of the performance of complex tasks that 
require coordination and synchronisation: work groups must plan to allocate available 
resources, including temporal ones, in order to match resource availability with the demands 
of the task and situation, they must plan the coordination of both content and timing of the 
actions of multiple individuals with one another, synchronising actions within and between 
individual group members and must plan the scheduling of individual task activities, by 
anticipating what actions and events will take place and when they will occur. 
Kelly, Futoran and McGrath (1990) found that imposing deadlines or temporal markers on 
task performance sequences entrain factors such as rate of productivity and patterns of 
interaction. Two specific planning considerations were identified as important, namely: 
'capacity' and 'capability. Regarding capacity, when initial task performance attempts raise 
problems of capacity, individuals and groups speed up their rate of production to compensate 
on subsequent tasks, even if time constraints have been relaxed. When initial task 
65 
performance attempts raised problems of capability, Individuals and groups slowed down their 
rate of production on subsequent attempts. 
3.3.13 Process loss and boundary issues 
Steiner (1972) uses the term 'process losses' to refer to the detrimental effects of certain 
social processes on the effectiveness of work group behaviours, such as group decision- 
making. These processes are a direct result of collective working methods and can result In 
work groups achieving performance outcomes that are less effective than the aggregate of 
Individual's efforts. Process losses therefore mean that actual team productivity Is less than 
potential productivity. Stroebe and Frey (1982) specify two categories of process losses: 
coordinational and motivational. Coordination process losses occur due to the problems 
associated with arranging and integrating other people In group-working practices. 
Motivational process losses occur when Individuals use less effort in performing a task In a 
group, than when performing the same task by themselves. 
Groups that engage in environmental scanning behaviour have a better chance of discovering 
a problem before it becomes unmanageable (Cowan, 1986). BrodbeCk (1996) stresses the 
importance of considering the externally-oriented, environmental integration activities of work 
groups, for effective functioning. The author cites examples such as 'boundary management', 
in which the way a work group is integrated into a larger system through coordination with 
other stakeholder groups such as suppliers, peers and customers Is an important dimension 
of work group performance, and therefore work groups which are shown to be actively 
managing these external demands are more effective. 
3.3.14 Innovation 
in a study by West and Anderson (1993) designed to investigate which sub-set of indicators, 
out of a number of measured factors, best predicted innovation in work groups, it was found 
that group innovativeness was inversely related to the size of work group and the level of 
resources available to the work group. Additionally, several factors were found to be very 
effective predictors of work group effectiveness, including: goal commitment, level of group 
member interaction, level of information sharing, group member influence over decision- 
making, practical support for attempts at innovation and task orientation (the latter indicated 
by constructive controversy and group performance monitoring processes). 
West (1990) divides team innovation into two successive components: idea generation and 
implementation, suggesting that innovation processes in work groups result in two distinct 
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outcomes; the innovations themselves and their subsequent Implementations or deployments 
In the organisation. Brodbeck (1996) makes the point that 'implemented Innovations' are 
themselves performance outcome Indicators of work group effectiveness and not easily 
subsumed under other headings such as productive output or personal/group criteria. The 
effectiveness of work group functioning is therefore partly expressed by how well Innovative 
Ideas are translated into new products, methods and services. 
3.3.15 Well-being 
The association between employee well-being, job-satisfaction and performance has been the 
subject of much research, which reveals high complexity In Interactions between these 
variables. Warr (1996) offers three dimensions for the measurement of employee well-being: 
1) overall pleasure - displeasure (sometimes referred to as satisfaction - dissatisfaction), 2) 
anxiety - comfort and 3) depression - enthusiasm. Warr comments upon the relationship 
between employee well-being and job performance, stating that although It is often presumed 
that high well-being leads to increased performance, it Is difficult to establish the direction of 
causality, e. g. high job-satisfaction could result in increased performance or may conversely 
be the result of successful (high) job performance. Alternatively, a third unspecified factor 
(such as some feature of the work environment or management practice) might be 
responsible for both high job performance and high satisfaction independently. Absenteeism 
and its converse, employee attendance, are also important organisational performance 
indicators due to lost time and productivity. Absenteeism is influenced by a number of 
different types of variables. On the individual level, sickness, social and family pressures can 
influence the decision to attend work. On the organisational level, the presence and 
effectiveness of policies to encourage attendance, support from a supervisor and culturally 
determined attitudes towards attendance can all influence absenteeism. 
3.3.16 Trust 
Goranson (1999) defines trust as Oconfidence through experience* and states that trust is 
important in the development of adaptive unofficial communication networks that often "take 
up the slack" where formal networks and systems are limited. Unofficial social networks 
based upon trust are highly personality-oriented and evolve through close collaboration. Trust 
in both agents, and the communication channels that connect them, is considered important 
for successful enterprises. Goranson offers a distinction between two types of trust: inductive 
trust and deductive trust. Inductive trust may be defined as Ocommon confidence" that a 
specific outcome of interaction with the trusted entity will be achieved based upon historical 
experience of interaction Wth that entity. Deductive trust is not based upon reliability, 
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however, but knowledge of circumstances surrounding the interaction. As such, deductive 
trust recognises that experience with an entity may change due to changing circumstances 
and contextual factors. Inductive trust is often subjective and based upon personal 
relationships, whereas deductive trust may be considered to be more objective, more 
essential for successful decision-making within enterprises and can be modelled, analysed 
and measured. Whereas inductive trust Is based upon repeatability and works with static 
situations and known agents, according to Goranson, deductive trust Is based upon Insight 
and can accommodate unknown agents in dynamically changing situations. 
3.4 Operational effectiveness criteria 
Having reviewed literature relevant to identification of human and organisational performance 
factors in section 3.3, in the interests of comprehensiveness, some consideration of the key 
operational effectiveness criteria that these factors Influence Is warranted. Where operational 
performance is concerned, organisations tend to monitor standard effectiveness dimensions 
associated with the timely delivery of an effective work product. Accordingly three 
interdependent variables are measured: costs (budgetary performance), quality (achieved 
functionality) and time (schedule performance). These outcomes are interdependent in the 
sense that they may be traded off against one another product quality may be enhanced 
through increasing financial and temporal resources available to a project, costs may be cut 
by compromising achieved product functionality and projects may deliver early through 
reducing quality or increasing other resources available to the work effort such as level of 
man-power (at increased cost). Some agreed compromise Is therefore specified in project 
operations, usually represented by a contractual agreement with the customer, for delivery of 
an adequate product within reasonable budgetary and scheduling constraints. 
Cost, quality and time performance criteria represent 'tangible' outcomes of work effort and 
are the focus of several conventional project planning and control techniques, such as the 
, prograrn Evaluation and Review Technique' (PERT), 'Critical Path Method' (CPM) and 
'Earned Value Management' (EVM) (see Burke, 2003 for more details). Some account of 
these performance outcome variables is given in the vast majority of standard operations 
management texts, and the following sections draw largely upon the definitions and 
discussions offered by Slack et al (2001). This text was chosen for the literature review 
specifically because it discusses two additional performance outcome criteria that may be 
considered in order to evaluate the value of an organisation: flexibility and dependability. 
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3.4.1 Quality 
Burke (2003) comments that the quality dimension refers to the degree to which a work 
product conforms to the customer's requirements. Similarly, Slack et al (2001) states that 
quality means 'doing things right' and providing error-free goods and services that are 'fit for 
their purpose'. In manufacturing and engineering, quality means ensuring products satisfy 
specifications and are reliable. Quality Is a fundamental dimension of operations performance 
that is easily judged by customers (e. g. 'is the product right or wrong? ') and as such Is a major 
determinant of customer satisfaction or dissatisfaction. 
Quality has Important intemal Implications for the organisation. Increased quality through 
Increased accuracy or decreased errors in micro operations In the organisation reduces time 
costs incurred through necessary remedial action. High quality Internal processes increase 
the dependability of the organisation from the external perspective of the customer. 
Goranson (1999) states that quality is difficult to manage effectively due to the fact that it is 
commonly measured by the absence of negative attributes within the work product, such as 
defects, errors, etc. Where this occurs, quality and what causes it is not measured directly 
and hence the relationship between quality level and the factors that influence it may not be 
establishable. 
3.4.2 Time 
'Speed' refers to the time gap between customer order and delivery of a product or service 
(Slack et al, 2001) and is an important aspect of competitive potential. Internally, fast 
decision-making, movement of materials and information all contribute to the ability of an 
organisation to respond rapidly to external customer requirements. Speed also has internal 
implications for efficiency, however. Inventories build when components and materials are 
moved through the stages of an operational process and accumulate at each stage whilst 
they await transportation or operation, meaning that materials in reality take more time to pass 
through a process than is actually objectively required to perform the necessary operations 
upon them. Initiatives such as 'Just-In-Time manufacturing' and lean operations approaches 
aim to increase the speed of operations materials through the production process for 
increased efficiency and subsequent cost benefits. Speed also reduces risks associated with 
forecasting customer demand in the future. By decreasing throughput time, the length of time 
period over which the organisation must predict external product demand Is decreased, 
resulting in increased forecasting accuracy and reduced wastage due to stock quantity errors. 
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3.4.3 Dependability 
Slack et al (2001) states that dependability means the ability to deliver products or services to 
customers on time or to schedule. High internal dependability promotes overall effectiveness 
as a result of time and cost savings, and Increased stability. Operations are Invariably 
structured according to a plan or project schedule, one of the aims of which is to keep the 
operations facilities and resources as continually occupied with productive processes as 
possible. Disruption in internal supply of materials or information will lead to time loss as 
remedial action is taken and the utilisation of the operations resources for production will also 
be disrupted if it becomes necessary to wait for a specific component. Localised disruption in 
the internal supply chain may have potentially far-reaching disruptive consequences that may 
eventually affect the customer, and which will consume additional time, effort and resources in 
order to be dealt with. Ineffective use of time translates into increased costs, as resources 
such as employees still require pay regardless of whether they are utilised optimally or not. 
In terms of 'stability, dependability holds implications beyond cost and time effects. Through 
continued dependable functioning an operation builds up a degree of trust between sub- 
operations that allows them to concentrate time and efforts in non-directly production-oriented 
activities such as internal process improvement and development. Where dependability is 
low, operations tend to spend this valuable internal investment time In remedial or corrective 
action rather than productive action. 
3.4.4 Flexibility 
Flexibility, according to Slack et al (2001), refers to the ability of the organisation to change its 
operations in some way: either its purpose, process for achieving that purpose or the time at 
which it performs that process. Developing flexibility within the operation conveys advantages 
to internal customers within the operation. Flexibility in, for example, the ability to quickly 
move human resources to new areas of production speeds up response time to customer 
requirements. The ability to change or adapt quickly from one mode of production to another 
saves time; requiring staff and technology to be flexible and not require prolonged time to 
adapt. Flexibility in the types of product an organisation can deliver to its customers may also 
be considered to be synonymous with 'development capability' in the operations management 
literature, which has been proposed as an important organisational performance criteria 
associated with speed, efficiency and quality dimensions (Wheelwright and Clark, 1992). 
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Flexibility in operations can also help the organisation to maintain schedule when disruptions 
In the supply chain occur, helping to maintain dependability. Externally, the requirements for 
flexibility can largely be related to customer requirements: 
Product or service flexibility: the ability to Introduce different types of products or 
services according to demand. In engineering and manufacturing, the ability to be 
able to adapt or reconfigure existing human and technical resources, as well as 
successfully introduce new ones, in order to produce new models and products. 
Mix flexibility: the ability to produce a wide range of products. Most operations' 
components are involved in the production of more than one type of product at any 
one time. The staff, technology and organisation of operations components need to 
be capable of accommodating this variety. 
Volume flexibility: the ability to deliver varying volumes of products and services 
through changing the level of output or activity. An essential requirement as all 
operations to some extent will have to cope Wth fluctuating demand for their output. 
Delivery flexibility: the ability to change the timing of the delivery of the product or 
service, usually in the direction of supplying sooner than originally scheduled. This 
may involve the rush production of an essential component at disruptive cost to the 
existing production schedule in manufacturing. 
3.4.5 Cost 
Slack et al (2001) state that the ways in which operations management can influence costs 
depends largely upon where those costs are incurred. An operation incurs costs in terms of: 
1) the staffing costs, 2) the facilities, technology and equipment costs which involve the 
buying, maintenance and running costs of the operations hardware, and 3) the costs for 
materials that are consumed or transformed in the operation. Burke (2003) summarises the 
costs incurred by projects as: direct costs (those associated with a project work activity) and 
indirect costs (or operational 'overheads'). Within these categories a project will incur time- 
related costs, labour costs, procurement costs, transport costs, project office costs and project 
team costs. AM the other operations performance objectives: quality, dependability, flexibility 
and speed, affect cost. Slack et al offers the following examples of how these productive 
output variables all relate to cost: 
Quality: High quality operations reduce remedial time and effort spent correcting 
errors that can also cause costly disruptions to internal customers processes. 
Speed: Fast operations increase cost efficiency by reducing the level of in-process 
inventory between micro-operations and the associated administrative overheads. 
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Dependability: Dependable operations mean predictable production and effective 
planning and scheduling. Wasteful disruption to production Is therefore avoided and 
other micro-operations can also operate more efficiently. 
Flexibility: Flexible operations adapt to changing circumstances quickly and without 
disrupting the rest of the operation. Flexible micro-operations can change tasks 
quickly and vVithout wasting time or capacity. 
3.6 Review of existing metrics and measures 
Goranson (1999) states that social and cultural dynamics in a business context confound any 
decision-making process based upon rules and analyses of hard facts, Conventional 
modelling approaches are challenged to represent social and cultural dynamics that do not 
obey clear, well-behaved rules of cooperation, necessitating the Involvement of "soft 
sciences' to provide metrics which, for example, are capable of measuring the cost of cultural 
differences between collaborating partners in a virtual enterprise. Although retrospective 
accounting and predictive indicators of cost may be considered "hard", dependent measures, 
observing cost variation as a function of cultural and social dynamics necessitates the 
measurement of softer human and organisational variables as the Independent measures that 
influence the observed values of outcome measures. 
During the course of the soft metrics research project, many existing performance 
measurement approaches and metrics were reviewed in order to provide a clear theoretical 
basis for development of 'soft metrics' for application within the industrial context. Generally 
this project found a lack of existing approaches that may be considered to embody 'soft 
metrics'. Available literature tended to reveal either practical performance metrics from the 
project management literature that were relevant to specific applications only (e. g. Fenton, 
1991; M61ler and Paulish, 1993; Maskell, 1991) or more involved research measures that 
addressed human and organisational factors from the human sciences literature (e. g. 
Drasgow and Schmitt, 2002; Brannick et al, 1997; Fields, 2002). Very few existing 
approaches provided concise, practical project management metrics that addressed human 
and organisational performance processes. 
In order to track literature-based measures and the development of an appropriate set of 'soft' 
measures and associated approaches applicable to the systems engineering problem 
domain, a working document comprising an inventory of evolving measures and methods was 
established early on in the soft metrics project. This database comprised the measures 
collected from review of research and operations literature, tracked their subsequent 
development and adaptation where appropriate, and provided a useful database for the 
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documentation of new measures that were developed In response to specific requirements 
identified during the course of the project. The structure of the metrics Inventory allowed each 
Individual metric to be documented, Including the performance factor In the Human and 
Organisational Performance (HOP) modelling framework with which It was linked, sub-factors 
and measurement scales, principal sources and references, and evaluative assessment of 
fitness for purpose. The metrics inventory itself Is reproduced in appendix H of this thesis. 
Many of the measures Identified through the literature review were subsequently adapted for 
application within a systems engineering project management environment and linked to key 
performance factors within a conceptual model. For more details regarding the development 
of specific measures during the course of this project, the reader Is referred to section 5.2 of 
this thesis, which outlines the state of the developed soft metrics, toolset prior to validation 
phases of the research project. In the sub-sections that follow, various existing metrics and 
approaches to measurement of human and organisational factors Identified within the 
literature reviewed during the course of the soft metrics research project are outlined. 
3.5.1 Project size metrics 
Various established measures and indicators exist for quantification of overall project size and 
the size of individual project work packages (e. g. Burke, 2003; BAE SYSTEMS, A). Project 
size metrics were considered within the scope of the soft metrics research project in order to 
provide contextual information regarding the profile of a specific project. As parameters used 
in general project planning and resource allocation, measures of project size are based upon 
objectively quantifiable parameters associated with the work product, human and financial 
resource requirements, and are generally applied at the project or organisational level of 
analysis. The majority of size metrics may also be applied for individual project phases if a 
more detailed level of analysis is required. On this basis, current and historic projects can be 
compared for abnormalities (i. e. a particularly effort-intensive deployment or testing phase) 
and the reasons for observed variations subsequently investigated. 
Budgetary size based upon project cost estimation (BAE SYSTEMS 1) may be taken as a 
general indicator of project size, representing commitment of resources to the project, effort 
involved, project duration and the importance of the project to the business. Various work 
effort metrics (BAE SYSTEMS 1) exist which may also be used to estimate size in terms of 
human and temporal resource consumption. The number of man-hours per work package (or 
cost of the man-hours) is measured and can be aggregated for the whole project. Actual 
values against estimates can be tracked over time to determine trends and predict budgetary 
problems. On the basis of data regarding level of effort involved in specific work tasks, larger 
work packages may be decomposed into smaller packages for ease of management control. 
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The software engineering domain has made a large contribution to the existing project 
management metrics toolset, driven by escalating levels of complexity and prominence of 
software-based systems (Paulk, 1995). Many practical metrication systems for technical 
parameters In software engineering projects exist (e. g. Hutcheson, 2003; Mdller and Paulish, 
1993; Fenton, 1991), Including measures of product or system size that may be taken as 
Indicators of project size. Function point analysis Is an accepted sizing metric in software 
engineering and IT development projects for the measurement of units of work, based upon 
functional characteristics of the software deliverable (Garmus and Herron, 2001). Project 
work package size may also be quantified based upon size of Individual system sub- 
components on the lowest level of the product breakdown structure, using Indicators such as 
number of lines of code in software sub-systems, for example (BAE SYSTEMS, 1). 
Potentially large work packages can be identified as requiring Increased monitoring and 
control effort. Work packages larger than the organisation has experienced to date represent 
potential problem projects that may strain the organisation's capability. Tracking size of work 
package achieved to date against estimates gives an indication of the accuracy of project size 
estimation. When the degree to which the actual work package size value exceeds the Initial 
estimate is plotted over time, an indication of trends that may lead to project size problems 
can be gained. 
in terms of the applicability of size metrics to the systems engineering project domain, general 
size metrics are practical, low effort-intensive measures that yield unambiguous and useful 
data. As has been mentioned previously, established metrics relating to function points and 
code generation were developed with a specific focus upon software project metrication in 
mind, and as such these specific techniques may apply to a subset of systems engineering 
projects that involve software-based deliverables. 
3.5.2 Project complexity indicators 
Measurement of project uncertainty provides an indicator of complexity inherent In the project 
and allows the identification of the degree of uncertainty inherent in the overall project task. 
Understanding inherent uncertainty levels form the basis for adjustment of project planning, 
control and management approaches to accommodate inherent levels of complexity (De 
Meyer, 2002). Projects with high uncertainty may exhibit an inability to define specific project 
sub-tasks during planning, provide contingent alternatives and adhere to a unified project 
vision during their lifecycles. 
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De Meyers scale identifies four increasing levels of uncertainty: variadon, foreseen 
uncertainty, unforeseen uncertainty and chaos. As the level of uncertainty Increases through 
the scale, flexible management methods that allow the project vision to change and adapt 
during its course become increasingly appropriate. Methods based upon predefined, fixed 
task sequences, such as those specified by many commercially available project 
management tools, become less appropriate as the uncertainty level dses. Risk management 
based upon planned remedial strategies that are contingent upon foreseeable circumstances 
are therefore more appropriate at the variation or foreseen uncertainty end of the scale (i. e. 
low uncertainty). High uncertainty projects, such as those that cannot rely upon established 
base knowledge in a discipline or technical area, must adopt risk management strategies that 
are based upon flexibility and learning, rather than contingent cause and effect planning, as 
potential 'causes' may not be foreseeable at project onset. 
3.5.3 Critical Task Method metrics 
There has been much development effort aimed at human capability assessment In the 
research literature (e. g. Dunnette and Fleishman, 1982) but one more recent approach In 
particular stands out as prominent for the purposes of developing practical soft metrics for the 
systems engineering project domain. Nagys (1999) Critical Task Method (CTM) was 
identified as an important approach during the literature review, as one of few human factors 
measures to address both human willingness (motivation) and capability (experience), and to 
be clearly specified as a systems engineering project management metric through the 
inclusion of practical implementation steps and control processes related to this operational 
environment. The method itself incorporates three principal metrics, relating to task-specific 
experience, skills and motivation level. In terms of method and practicality, the approach 
incorporates clear process steps and guidelines to support continuous improvement in project 
teamwork allocation practices. The approach explicitly links soft factors to project 
performance outcomes, and provides a methodology for measuring soft factors to control 
outcome performance. The approach is aimed principally at the software systems 
engineering domain but applies equally to all systems engineering projects. CTIVI has been 
applied over an extended time period (7 years at publication) in project networks ranging in 
size from 200-700 individual tasks and types ranging from hardware communications systems 
to software development programs. The author claims the CTM has facilitated risk 
management decision-making, effective resource allocation before task execution and 
increased reliability of project estimation. It is further claimed that application of CTM results 
in a nominal increase in project execution reliability of 80%, allowing significant increases in 
the accuracy of project parameter estimation. 
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The measures themselves are designed to support work allocation within project work groups 
and therefore are applied on the level of the Individual work group member, who Is charged 
with executing a specific project task as dictated by the project work breakdown structure. 
Inherent In the approach Is the assumption that Individual characteristics of work group 
members and characteristics of the tasks they are assigned Interact to Influence project 
performance outcomes. Although applied principally at the individual level, higher-order 
metrics may also be calculated by aggregating scores across Individuals onto a work group or 
organisational unit level. CTM requires that autonomous group-based working practices be 
established within the organisation for project management and control. Work groups must 
be assigned by project and have complete autonomy over the work task breakdown structure 
for that project, including control over task composition and allocation, if these aspects are to 
be altered to support human skill-use and motivation. CTM employs the Critical Path Method 
(CPM, e. g. Burke, 2003), which must therefore be an established operational practice, and 
also presumes that project management can determine a critical path within the project 
network or project work structure. 
In terms of application, Cdtical Task Method metrics may be applied to support all project 
teamwork allocation and task performance, both in capability development projects and other 
systems engineering projects. The Critical Task Method prescribes a detailed control process 
to support enhanced project performance through control of 'soft' variables. This process 
involves work group project tasks being analysed and classified as critical or non-critical 
according to the critical path method. 'Soft' measures are then taken for each individual's 
tasks, measuring task specific motivation, experience adequacy and skills adequacy. High 
capability and motivation tasks are then identified as 'asset tasks, whose time and resources 
can be consumed to support low motivation and capability critical tasks, which pose a risk to 
the project achieving its performance objectives. Individual and group problem solving takes 
place to trouble-shoot problem tasks, which are then manipulated to support improved 
performance through: 1) increasing confidence, knowledge or training, 2) using a different 
task approach, 3) modifying the physical resources, 4) modifying the support of human 
resources, or 5) increasing the incentives to perform the complexities of the task. Following 
manipulation, soft metrics are measured again to quantify variation in task capability and 
motivation scores. Pre- and post-problem solving data is tracked and compared, along with 
task and project outcome data (i. e. cost and time) to establish where strengths and 
weaknesses in process improvement lie. 
The metrics themselves test if the individual has the required capability and motivation to 
complete a specified task within time and budgetary constraints. The Implication is that task 
characteristics, individual characteristics and task performance constraints are dynamically 
related and that 'trading off one can be used to support another. Put another way, if project 
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budget and schedule overruns are permitted, human capability and motivation requirements 
for task execution fall and therefore the critical task method Is designed to prevent projects 
failing to meet their overall performance objectives through deficient task motivation and 
human capability. The whole approach Is based upon the assumption that project 
performance is directly influenced by these three 'soft' factors. Proactive control of project 
outcomes, such as budget and scheduling performance, should therefore be possible through 
manipulating task characteristics, project work breakdown structure, function allocation within 
work groups and supporting group member motivation and skills/experience acquisition. 
3.5.4 Job Diagnostic Survey measures 
Work undertaken by Hackman & Oldham (1974; 1975; 1976), focuses upon the area of job 
analysis or design to assess the effectiveness of work task characteristics relative to human 
performance. Measurement of job characteristics in organisational research invariably aims 
to identify and quantify the features of jobs or tasks that motivate people to work harder or 
allow individuals to attain a higher level of performance. The measurement Instrument most 
cAosely associated with job analysis in the research literature is the Job Diagnostic Survey 
(Hackman and Oldham, 1974; Idaszak and Drasgow, 1987) which comprises various 
measurement items designed to probe individual's satisfaction with task characteristics and 
inherent features of the work role and environment, including skill variety, task identity, task 
significance, task autonomy, job-feedback, feedback from others and dealings with colleagues 
(Fields, 2002). 
Responses made to measurement items within the Job Diagnostics Survey utilise 7-point 
Likert scales against statements regarding the characteristics of an individual's work. In order 
to make the accuracy of responses more robust, specific anchors are used to clarify scale 
indices, rather than just 'Agree - Disagree', i. e. for the skill variety item: 1= Very little: The job 
requires me to do the same things over and over again; 4= Moderate variety; 7= Very much: 
The job requires me to do many different things using a number of different skills and talents. 
instructions given to respondents in the original job diagnostic survey asked individuals to 
respond as objectively as possible and to be careful not to give affective responses - Le. to 
show liking or disliking through their responses. 
3.5.5 Balanced scorecard measures 
Kaplan and Norton's (1996a) 'Balanced Scorecard' approach to performance measurement 
incorporates several people-focused, non-financial measures to track growth and 
development in an organisation. The measures are aimed at evaluating the state and rate of 
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renewal of human capital resources within the organisation and Include objective metrics that 
quantify strategic reskilling of the work force, work group orientation and strategic alignment. 
The 'rate of strategic reskilling' metric proposed for application Within the balanced scorecard 
framework involves measuring time taken to develop employees to required levels of 
competency and allows focus upon development cycle time per employee in order to Increase 
the efficiency of the strategic reskilling process. It is a useful metric where reskilling needs to 
be undertaken on a large scale, usually revealing a significant gap between future needs and 
present competencies, as measured along dimensions of skills, knowledge, and attitudes. 
Another metric, the 'strategic job coverage ratio', tracks the number of employees qualified for 
specific strategic jobs relative to anticipated organisational needs. Organisational needs are 
defined in terms of which skills and qualifications are required for which capability and where 
to deliver specific goals. The strategic job coverage ratio metric therefore seeks to provide a 
human resource capability metric with a strategic focus. 
The third metric focuses upon 'strategic alignment' and is designed to measure the alignment 
of individual and organisational sub-unit goals, reward and recognition systems. Measures of 
strategic goal alignment within and across the organisation, work group and individual levels 
reflect cultural issues such as conflicting goals of sub-groups within the organisation. Finally, 
the 'level of group orientation' metric measures the extent and use of teaming practices in the 
organisation; the rationale being that in work groups, individual's goals become aligned with 
each other and with those of the broader organisation. 
3.5.6 People capability maturity measures 
The People Capability Maturity Model framework (Curtis, 2002) provides one of the most 
comprehensive process improvement and management metrication methodologies available 
in the literature reviewed during the course of the soft metrics research project. The metrics 
specified for assessment of people capability maturity are all activity-oriented, designed to 
evaluate the effectiveness 'key process areas' associated with the human resource 
management function. The measures incorporate objective criteria for assessment and may 
be grouped under the categories depicted in Figure 3.5.6a below, representing the processes 
and activities with which they are associated. 
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Staffing activities 
Communication and coordination activities 
Work environment activities 
Performance management activities 
Training and development activities 
Compensation activities 
Competency analysis activities 
Workforce planning activities 
Career development activities 
Workforce competency development 
activities 
Workgroup development activities 
Participatory activities 
Competency integration activities 
Workgroup empowerment activities 
" Quantitative performance management 
activities 
" Organisational capability management 
activities 
" Mentoring activities 
" Capability improvement activities 
" Performance alignment activities 
" Workforce innovation activities 
Figure 3.5.6a: Key Human Resource function activities for evaluation using 
People Capability Maturity model metrics (after Curtis, 2002) 
Certain measures within the framework are financially-based human resource accounting 
indicators that may fall beyond the scope of human and organisational performance factors, 
yet the majority of the metrics do not rely upon subject, judgement-based methodology and as 
such comprise more objective criteria less amenable to bias and conflicting Interpretation. 
The measures also form one aspect of a broader tool to assist In human resource capability 
development within organisations that includes detailed assessment and process guidelines 
within an integrated framework. Due to the fact that objective 'capability maturity type criteria 
do not rely upon subjective measures, they are limited in their ability to describe the full range 
of human and organisational factors that operate to influence project performance. This is 
particularly the case for 'softer' performance aspects associated with employee's experience 
of project work and conditions, or motivational variables that may influence willingness as well 
as ability to optimally perform project work. These factors can only be directly addressed by 
survey-type measurement items, which sound individual's perceptions and opinions of the 
project environment. The focus upon activities within the human resource function, as 
opposed to direct assessment of human and organisational factors means that the measures 
may not be directly applicable in diagnosis of human and organisational performance issues 
at the project level. 
3.5.7 Organisational communication audits 
Price (1997) offers a number of diagnostic measures of communication effectiveness Within 
an organisation that may be summarised as addressing four main dimensions of 
organisational communication. The four communication sub-factors include: 1) Formal- 
Informal communication (formality) referring to the distinction between officially and unofficially 
transferred information, 2) Vertical-horizontal communication (direction) referring to transfer 
up and down the hierarchy between subordinates and superordinates or VAthin one level of 
the hierarchy between peers, 3) Personal-impersonal communication (level of personality) 
referring to whether or not the communicative situation is such that it allows mutual influence, 
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and 4) Instrumental-expressive communication (instrumentality) referring to job-related 
(Instrumental) versus non-job related (expressive) communication. 
In terms of factors influenced by communication, general consensus in the literature Is that 
effective communication Is an essential prerequisite for project performance and overall 
organisational performance. Applying metrics to measure communication effectively, 
however, is not a simple task and extensive communication-wide audit methodologies have 
been developed for this purpose (e. g. Hargie & Tourish, 2000). Penley and Hawkins (1985) 
propose a measurement instrument for assessment of vertical communication In supervisor- 
subordinate relationships. Originally organisational behaviour research measures, five 
dimensions of communication are tested: task communication, performance communication, 
career communication, communication responsiveness and personal communication. 
The task communication dimension measures the extent to which supervisors convey 
instructions to sub-ordinates as to what activities need to be performed, describe changes in 
the workplace and indicate policy. Performance communication measurement items assess 
the degree to which supervisors transmit information about the quality of subordinate's work. 
Career communication measures the extent to which supervisors review training opportunities 
with subordinates and offer career advice, whilst communication responsiveness measures 
assess the degree to which supervisors listen and respond to issues raised by subordinates. 
The personal communication dimension indicates the level of Informal and non-work related 
information exchange that takes place, including the extent to which family and non-work- 
related interests are discussed in the supervisor-subordinate relationship. 
3.6 Key conclusions from literature review 
Due to the scope of literature reviewed to support development efforts in the area of soft 
metrics tools and methods, it is Important at this stage to summarise some of the key 
research findings gained from review of existing research literature and knowledge. In 
consideration of broad conceptual issues for performance measurement as a discipline, it 
becomes apparent that measurement of 'upstream' process factors has little practical value 
unless clear links to an organisation's operational success criteria are established. Soft 
metrics research efforts therefore need to establish clear dependencies between causal 
human and organisational processes and operational effectiveness criteria relating to delivery 
of work products within valued cost, quality and time parameters. In this sense, specifying the 
causal links between results and their determinants, means that monitoring those 
determinants through metrication practices will provide useful 'performance indicators' to 
guide control of processes and operations towards achievement of specific goals. 
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From review of various human and organisational performance models it becomes apparent 
that many existing performance frameworks exist for varying purposes, Including: 
organisation-wide assessment of performance excellence and quality, prescriptive definition 
of facets of performance for measurement and description of human and organisational 
processes for social sciences research activities. Performance models may be classified 
according to their origin as applied management or theoretical research frameworks, and vary 
In their level of analysis ranging from offering broad complementary performance perspectives 
to the specification of multiple interacting criteria with sub-factors. 
The models identified vary in terms of their applicability to a contemporary systems 
engineering industrial environment, though examples may be found that address both project 
organisational structures and work groups. For development of the soft metrics, approach 
embodied within this thesis, three key conclusions may be drawn from critical review of 
existing human and organisational performance frameworks: 
" Performance in organisational systems is dependent upon human and 
organisational factors and processes in addition to technical factors. 'Softer 
outcomes representing human capability acquisition are therefore important for 
continued high performance in changing environments. 
" Any model or integrative framework that seeks to adequately represent 
performance processes must complement outcome cAteda with 'upstream' 
process factors. 
" in order for a performance model to be maximally useful In application it requires: 
1) factors specified in detail, 2) specific interactions that represent mechanisms of 
influence, and 3) quantitative weightings for comparative analysis of the impact of 
specific factors. 
Accordingly, input-process-output models (e. g. West, 1996a) for the representation of 
dependent and causal variables, in human and organisational performance models, were 
identified as a useful theoretical framework for modelling internal work group mechanisms 
within the soft metrics work. The need to incorporate external factors associated with the 
broader organisational context in which the work group is situated (Brodbeck, 1996) within 
performance models was also identified as an important point for development efforts, as was 
the necessity to include feedback interactions between outcome factors and inputs 
(Tannenbaum et al, 1996). From review of existing theoretical and applied performance 
models it becomes apparent that attempts to depict human and organisational processes 
within human activity systems must incorporate representations of motivational processes 
(Hackman et al, 1975; Locke and Latham, 1990), team performance factors (e. g. Castka et al, 
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2003) and human intellectual capital (e. g. Edvinsson and Malone, 1997). Future performance 
modelling development efforts within the soft metrics; research project were undertaken based 
upon the conceptual base provided by this literature. 
The literature review of human and organisational performance factors establishes overall 
organisational performance and functioning as a complex, multi-dimensional concept. A 
multitude of possible human and organisational factors that existing research has focused 
upon are identifiable as important for performance and effectiveness In organisations. These 
factors span all levels of the organisational system, for example: motivation and knowledge at 
the Individual level, through group cohesion and autonomy at the work group or sub-unit level, 
to broader resource adequacy and cultural factors at the organisation-wide level. Figure 3.6a 
below lists human and organisational factors or constructs, Identified within the literature 
review, that historical research has linked to organisational performance, functional 
effectiveness or productivity. These factors represent potential 'soft' variables to be 
addressed by the practical soft metrics process that is the focus of development efforts within 
this project. 
" Presence of group goals 
" Specificity of group goals 
" Adequacy of group goal planning 
" Group performance feedback 
" Group goal setfing 
" Group goal clarity 
" Group member task and role 
visibility 
- Group member task and role 
meaningfulness 
" Work group task characteristics 
" Level of group goal commitment 
" Group working procedures 
" Work group composition 
" Homogeneity In group composition 
" Heterogeneity in group composition 
" Group size 
" Individual demographics 
" Culture 
" Educational level 
" Ability level 
" Personality 
" Attitudes and values 
" Status 
" Geographical co-location 
" Training 
" Professional background 
" Functional discipline 
" Professional skills and knowledge 
" Group cohesiveness 
" Work group autonomy 
" Leadership style 
" Group attitudes. norms and values 
" Group-working climate 
" Organisational context 
" Group reward systems 
" Education and training systems 
" Information and communications 
technology 
" Availability of resources 
" Market growth 
" Organisational cultural context 
" Organisational climate 
" Broader cultural context 
" Societal context and norms 
" Environmental uncertainty 
" Work group development sequence 
" Person characteristics 
" Group-working ability 
" Availability of resources 
" Quality of resources 
" Quantity of resources 
" Performance feedback 
" Task synchronisation 
" Task coordination 
" Multi-tasking 
" Group goal planning 
" Leadership emergence 
" Activity synchronisation 
" Task coordination 
" Group decision-making 
" Environmental scanning 
" Group brainstorming 
" Social interactive processes 
Social loafing 
Group polarisation 
Production blocking 
'Sabsflcing' behaviour 
: 'Groupthinle 
Emergence of group norms 
Development of group norms 
Procedures and routines 
Intra-group conflict 
Conflict management 
Minority dissent 
Communication 
Functional Integration 
Group learning 
Group task accomplishment 
Group member mental health 
Work group longevity 
Continued viability 
Group member growth and 
evelopment 
Groupinnovations 
Implemented Innovations 
Scheduling 
Deadline imposition 
Task decomposition 
Performance evaluation processes 
Operational effectiveness criteria 
Figure 3.6a: Summary of potential human and organisational performance 
factors Identified from review of human sciences research literature 
Review of existing measurement practices reveals that current project management metrics 
are limited in their coverage of potential 'upstream' human and organisational performance 
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factors, such as those summarised above. Research-based measures must therefore be 
relied upon to provide a theoretical basis for quantification of human and organisational 
performance factors, yet there Is considerable distance between large-scale survey 
Instruments and focused project management metrics in terms of practicality and feasibility for 
repeated application in a project management environment. 
With a large number of potential human and organisational performance factors identified for 
measurement in a soft factors metrication system, the emphasis for future development 
efforts within this research project was placed upon specification of an appropriate Integrative 
framework to accommodate the evident complexity in Interactive processes between research 
variables. Practical scoping activities were also undertaken within industry in order to explore 
the relevance of literature-derived human and organisational factors to the target application 
environment. The subsequent section of this thesis (section 4) provides an account of 
activities undertaken to refine the conceptual focus of the soft metrics work towards practical 
application of the knowledge gained from review of existing literature. 
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Section 4 
CONCEPTUAL DEVELOPMENT 
The research activities outlined in the sections that follow represent what may be considered 
to be 'conceptual' development within early phases of the soft metrics research project. 
These activities included the execution of a scoping study for the soft metrics development 
effort, which employed an operational BAE SYSTEMS capability acquisition project. Based 
upon conclusions drawn from the literature review, work began towards construction of a 
conceptual research model to map specific influences between soft performance factors 
Identified within existing research studies and to develop a practical approach towards 
modelling the softer aspects of functioning in organisational systems. 
In this section of the thesis, section 4.1 below outlines key features of the Industry scoping 
study undertaken as part of the metrics research, Including identification of specific examples 
of soft performance issues in the industry project case reported. Section 4.2 outlines 
development efforts to conceptually model soft performance processes and section 4.3 
reports the outcome from application of the resulting conceptual modelling framework to 
represent soft performance issues in a hypothetical work group scenario. 
4.1 Research Scoping Study: Industry Capability Acquisition 
Project CAN 
Through the industrial sponsor for the soft metrics research project, access was provided to 
an ongoing operational capability acquisition project within BAE SYSTEMS in order to define 
the key features of the applied industrial environment for the research output and to 
investigate issues and requirements for the research work. In the interests of confidentiality, 
the specific industry project that formed the focus of this scoping study will be referred to as 
Capability Acquisition Project (CAP) 1. 
CAPI was an internal change project within BAE SYSTEMS, designed to develop enhanced 
software capability to support computer aided design (CAD), manufacture and product data 
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management within ongoing operational programs. The project focused upon the 
Implementation of a number of minor and major modifications to existing systems, Including 
the provision of specific upgrades for multiple Internal 'customers'. The Impetus for CAPI, as 
defined In the business case, centred upon decreasing support costs and risks to ongoing 
program operations posed by currently unsupported versions of operating systems and CAD 
software. 
4.1.1 General method employed 
The general methods employed in undertaking the scoping study involved qualitative analysis 
of Information acquired from attending project management review meetings, reviewing 
project-specific documentation such as standard operational guides and review-meeting 
minutes, and interviews with key project personnel to clarify Interpretation and elaborate upon 
project issues raised. Current metrication and performance control practices employed within 
the project were identified and reviewed through obtaining more detailed Information from 
standard operational guidelines and documentation. 
Early performance factors identified from the literature review conducted for the soft metrics 
project were presented to project personnel associated with CAN for general feedback 
regarding applicability and issues in each individuals' own experiences, relating to specific 
soft issues. Project manager's comments regarding soft issues not covered by the literature 
review were also recorded and analysed for later attention in development efforts. The 
process of qualitative analysis applied to this material consisted of identifying: 1) the human 
and organisational or 'non-technical' issues arising in the project's development, and 2) 
grouping these factors based upon several headings that emerged logically from the content 
of the material. Performance factors identified were then used to populate a conceptual 
modelling framework and the implied interactions between performance variables were 
mapped according to performance processes observed in the project. The results from these 
modelling efforts are reported in more detail later in the thesis, in section 5.1.2. The following 
sections report information concerning the projects work process, existing measurement 
methods employed and human and organisational issues identified through interviews with 
project personnel. 
4.1.2 Project work process 
As background to CAP1, a summary of the work process followed by the project as specified 
by a sequence of key project management activities is presented in figur-e 4.1.2a below, 
based upon BAE SYSTEMS' Lifecycle Management Capability Maturity Criteria. Each phase 
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of the project culminated in a peer review that evaluated the degree to which specific 
'deliverables' and criteria had been met. These reviews represented a logical sequence of 
'phase gates' to ensure the project built upon the achievements of previous phases and could 
not progress to subsequent phases prematurely, in order to reduce operational risks. 
The CAP1 project was on-going and at the time of the soft metrics, research study had 
reached the phase 3 review stage. Apparent from the activities listed In figure 4.1.2a is the 
operational complexity of internal capability development projects of this type, which Is 
emphasised by consideration of the fact that the actual technical capability developed was 
considered relatively 'minor compared with other software support development efforts. 
86 
Phase Project management activities 
I Develop vision U Obtain senior management sponsorship 
and establish 0 Capture project requirements 
feasibility U Outline the business case and costs/benefits analysis 
U Define the process change and Integration Implications 
0 Provide a statement of work Including details of the project task and the human resources 
involved 
Cl Select the package and document decision process 
" Create risk plan and log 
" Identify project stakeholders 
13 Produce level I plan or programme Including estimated phase lengths 
1: 1 Define future technology direction model, assumptions, constraints and key performance 
factors 
-1--Detailed L3 Prepare detailed requirements specification upon which to base solution 
planning and Cl Develop detailed solution specification to meet the project requirements and obtain 
establishment agreement from customer and process owner 
(3 Prepare detailed management plan for all aspects of the project 
0 Ensure management plan and statement of work are Implemented 
Cl Perform affordability review 
(3 Identify and plan development team training requirements 
Cl Review Implications of change for target process and organisation 
" Define communications strategy for project stakeholders 
" Define post-deployment support requirements 
13 Assess Implications for personnel Issues such as roles and responsibilities 
(3 Outline end user training requirements 
" Define user population and location 
" Produce level 3 plan or programme with resoLirces allocated and obtain stakeholder 
agreement 
" Consider security policy implications 
1: 1 Define responsibilities for updating data dictionary, data cleansing activity, legacy data 
migration and data load 
C3 Set up development environment 
Q Relate implicated technology capabilities with business processes 
3 Development U Review affordability and define any changes to scheduled costs 
C3 Confirm all roles and responsibilities within the management plan are supported 
" Draft training materials and user guide 
" Produce detailed population matrix including roles, locations and processes to guide 
deployment of correct capability to correct users In correct locations 
" Define organisation transition plan including implications for changes to HR configurations 
and policies 
" Implement any security activities 
L3 Confirm communications material is In place and ready to be updated 
(3 Confirm training requirements, produce training schedule and Initiate production of training 
materials 
" Review level 3 plan confirming any deviations with stakeholders and add detailed deployment 
activities to the programme 
" Define how support requirements will be satisfied 
" Produce Integration test plan 
" Test against new requirements and log then follow up faults arising 
" Establish integration test facilities are In place for each defined programme 
" Confirm responsibilities for test data 
" Plan data dictionary, data cleansing, legacy data migration and data load activities 
" Produce data migration software 
" Agree and develop interfaces 
1: 1 Define application architecture and modify system architecture model 
" Produce instructions for Installation of the change Into the test environment 
" Produce logical technology model including detailed description of hardware, software and 
networking that makes up the technological Infrastructure 
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Phase Project management activities 
4 Integration and Q Review affordability and define any changes to scheduled costs 
test Q Produce process and Integration test report confirming that all Integrated elements of the 
change, process, tools and people have been completed as agreed and any limitations and 
work-arounds are documented 
(3 Obtain confirmation from the process owner that the change still conforms to the original 
vision 
" Finalise and deploy organisational transition plan 
" Confirm training programme Is Implemented and progressing 
" Obtain confirmation from customer and process owner that the communications material has 
been updated 
(a Ensure back-up and recovery processes are in place 
" Ensure process and organisation Is In place to control future access requests 
" Plan project QMS Incorporation of new working methods, procedures and user guides 
" Confirm support plan is in place, both local and from developers 
" Ensure data dictionary, data cleansing, legacy data migration and data load activities are 
complete 
" Ensure modified Interfaces have undergone simulated production environment testing 
CI Update level 3 plan Incorporating finalised deployment plan including responsibilities, 
assumptions, dependencies, risks and ensure all deployment activities are still on schedule 
0 Produce performance engineering model Including certification 
(3 Produce installation Instructions 
Q Produce physical technology model for fully configured system 
5 Pro-production D Confirm final statement of benefits with customer 
test C3 Establish benefit tracking method Including metrics for measurement of benefits against 
predicted values and responsibilities 
" Ensure roll back strategy has been defined should deployment fail 
" Conduct deployment readiness review with potential users 
Cl Prepare software release note comprising applications and utilities 
" Prepare capability release note Including what the user can expect and any concessions 
" Ensure changes to project QMS are defined, agreed and implemented 
" Ensure support environment and appropriate resources are In place 
" Confirm all training is complete and that the target audience attended 
C3 Prepare communications report specifying whether all communications were achieved and 
that the audiences needs were achieved 
Cl Confirm all re-organisation requirements have been met and any relocation has been 
completed 
C3 Ensure intensive support has been planned 
E3 Confirm pre-production testing has been completed 
" Plan full volume testing In the production environment post deployment 
" Report testing of secure environment and security penetration 
-F-D--eploy and L3 Complete and document lessons leamt review including all stakeholders and conduct post 
project close Implementation review of feedback, performance and customer satisfaction " Produce benefit achievement report 
" Confirm all outstanding actions from previous review are completed 
" Produce communications strategy to formally communicate outcome of the change 
programme 
1: 3 Perform data cleanliness audit to ensure new processes are producing the expected results 
1 13 Define user group for future change projects 
Figure 4.1.2a: Key project management activities In CAN project work plan 
4.1.3 Perfonnance measurement and soft factors tool support in cApI 
Within the CAPI project management environment the dominant method of project control 
and parameter estimation relied upon standard Earned Value Management (EVM) indicators 
to track achievement against contractual commitments associated with cost and time. The 
EVM technique monitors performance against anticipated work schedule and associated 
costs of project work activities over time. This is achieved through tracking actual spend and 
schedule performance for comparison with predicted values. On this basis, potential risks 
associated with slippage in the project schedule may be anticipated for remedial action. 
Eventual project spend at delivery may also be anticipated and trends in cost and schedule 
data during intermediary project phases can be used to identify if the project is likely to run 
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Into resource problems before delivery. Project task planning and risk analysis was supported 
by conventional 'Critical Path Method' techniques (CPM) that forecast project work schedules 
based upon logical dependencies and sequence of individual tasks within the project work 
breakdown structure. 
Regarding softer Issues associated with work group composition and human factors, 
discussion with CAN work group members yielded two known approaches to the 
consideration of individual-level variables that can be used to provide a team profile or 
consider group composition factors. Both the 'Belbin' approach to team roles and the 'Myers- 
Briggs' personality inventory provided a means of structuring optimal or high performance 
work groups based upon group dynamics and personality profiling approaches. The Belbin 
approach In particular considers the work group level in its specification of diversity In group 
composition as an Important requirement for successful teams. Within CAPI, the Belbin 
approach was not formally applied, although managers were aware of its conceptual basis 
and therefore knowledge regarding group dynamics was available during work group 
specification. The Myers-Briggs inventory was not applied specifically in project personnel 
configuration practices and applied more to the human resource function's standard selection 
processes. 
Organisation-wide surveys of employee satisfaction were implemented on a regular basis and 
reported on an organisational sub-unit level through the use of a standard Employee Opinion 
Survey (EOS). No such measures or surveys were therefore undertaken at the level of the 
functional project work group within the organisation to track process aspects of the project 
work system relating to human and organisational effectiveness. Relevant metrics 
development work was identified as being undertaken in association with BAE SYSTEMS, 
which addressed the measurement of development effort in software engineering projects 
through application of an English language-based protocol or 'Process Engineering 
Language' (PEL; Clark and Morris, 2002). PEL was piloted in BAE SYSTEMS with reported 
benefits over work effort quantification based upon conventional product and work breakdown 
structures. 
4.1.4 Stakeholder management issues 
Some of the most critical project performance issues raised by the CAPI study, from a human 
and organisational perspective, were those that centred on stakeholder management and 
communication. Due to the support role of internal change projects and apparent from the 
CAM project requirements, capability development projects incorporated multiple separate 
and integrated development activities which were destined for deployment into a number of 
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different operational project contexts comprising varied system and data environments. This 
placed large emphasis upon the ability of the development project team to coordinate and 
communicate between a number of different stakeholders and organisational entities. Early In 
the development project an initial stakeholder list within the project management plan was 
agreed. There were 28 key stakeholders defined, Including individuals who may be regarded 
as the core CAM development team. An additional 15 senior management stakeholders 
were also Identified. In terms of the diversity of Interests represented by the CAPI 
stakeholder list, several organisational entities were represented, as outlined below: 
" The CAPI development team or work group directly responsible for work performed 
within the project. 
" Personnel representing the three main program Interests or customers for the CAPI 
work-product, including process, capability (both development and deployment), 
engineering and manufacturing management. 
" Personnel from the support functions including training, software support and IT 
services. 
" External consultants representing the primary developers of the software tools 
undergoing modification in CAPI. 
" Independent reviewers to critically evaluate project work progress in order to reach an 
objective decision regarding whether all necessary project work criteria had been met 
at each stage of development. 
Due to the diversity of interests represented in the stakeholder management plan, Important 
non-technical factors contributing to project success included the ability of the team to 
effectively disseminate and communicate technical knowledge regarding project issues and 
progress to a wide audience of key stakeholders (whose provision of information and input 
regarding dependent projects and activities was considered essential). During discussion 
with CAPI personnel, several barriers to effective stakeholder management were highlighted. 
A key issue identified was the availability of key stakeholders to attend CAPI meetings and 
availability for communication regarding project progress and issues. This was partly due to 
the fact that the customers for internal change projects were themselves engaged within 
operational programs. There were instances when the CAPI management process was 
delayed due to periods of criticality within customer projects that demanded priority from key 
personnel. Comments made regarding lack of availability of key personnel due to other 
projects taking priority highlighted an influence upon decision-making processes within the 
project management work group. The lack of information from or representation of a 
particular stakeholder interest may, therefore, have a negative impact upon the group's ability 
to make prompt decisions and direct action. 
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A further issue related to the availability of stakeholders and key management sponsors is the 
gaining of authorisation for units of project work. Due to the fact that much project activity 
was not locally funded but funded by the project customers, any lack of formal authorlsation 
meant that the change project cost schedule was running with an inherent level of risk. Such 
a situation was regarded as undesirable but necessary if the project was to make progress 
during periods when sponsors were unable to respond Immediately to requests for 
authodsation. Making progress towards project goals in such a situation was regarded as 
requiring a degree of trust. 
During the Initial and subsequent CAPI review meetings, communication with key and senior 
management stakeholders figured highly upon the agenda. The purpose of a number of 
actions and management activities therefore centred on ensuring stakeholders engaged with 
or'bought into' the project and were aware of the release rationale and relevant project issues 
arising during development work. One such action Implemented was the creation of a CAN 
web page as part of the communications strategy to ensure stakeholders were kept informed. 
The CAPI project emphasised the importance of the stakeholder management activity to 
several project success factors, including the negotiation of resources for the project and the 
management of project requirements. It was commented that the communication of the CAN 
release rationale to key stakeholders and senior management was important in order to 
develop 'ownership' and agreement for the project requirements. Supporting stakeholder 
knowledge regarding project progress and issues arising provided a basis for more effective 
requirements negotiation (stakeholders were more aware of the constraints under which the 
project was operating). Stakeholder expectations for what the project would eventually deliver 
were therefore more effectively managed, which in turn was likely to influence customer 
satisfaction with the deployed solution. 
4.1.5 Project work group autonomy issues 
Within CAP1 a cross-functional team was implemented to produce and support systems 
products and services. The integrated project team organisational structure was intended to 
empower project personnel with management and control responsibilities for the project and a 
level of functional autonomy regarding the planning and organisation of project work tasks. 
The team was also responsible for performance monitoring and control activities that took 
place at a series of peer-approved reviews scheduled to coincide with key phases in the 
project's lifecycle management plan. 
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In the context of CAP1, however, the general comment was made that change project 
managers lacked authority and empowerment. The focus of project management efforts was 
regarded as involving the obtainment of work authorisation from senior management 
sponsors and involving human resources from other projects In the change process. Change 
project managers felt that their role involved coordinating and influencing other stakeholders 
involved in the process, in addition to managing the actual change project Itself. Although the 
project work group possessed functional autonomy over the organisation or breakdown of 
project work tasks and how the actual capability solution was achieved, control over when 
work packages were ultimately executed was regarded as resting with the customers who 
funded the project work. 
4.1.6 Communication and coordination issues 
The requirement to maintain effective communication between projects and their customers, 
especially regarding requirements management processes, was emphasised by a cost 
escalation in the CAPI project that was ascribed in part to additional requirements made for 
extra capability following initial cost planning. The projected cost was further extended to 
accommodate increased process complexity incurred as a result of pressures to conform to 
scheduling constraints imposed by one of the customer programs. A link between the 
requirement for closer coordination between ongoing projects and project outcome 
performance was therefore demonstrated. 
In negotiating a new schedule for a discreet deployment to an individual customer, the CAPI 
project effectively incurred penalties in terms of organisational effort. Two distinct versions of 
the software code had to be managed and maintained, pre-production testing needed to be 
performed twice at increased cost and project process management activities such as phase 
gate review activities were performed separately for different customers. The overall benefits, 
however, could only be understood from consideration of the constraints and potential 
benefits within dependent projects, again placing the emphasis upon effective communication, 
compatibility between different projects' objectives and the ability to consider a broader 
organisation-wide business perspective, rather than just local project goals. In the context of 
an integrated project management work group, it was considered important to foster effective 
communication and decision-making based upon clear, cohesive and commonly agreed 
goals. 
Communication and coordination issues were identified as an inherent feature of the 
integrated project team organisational design, which spans functional boundaries and hence a 
diversity of interests and micro-cultural perspectives. One issue raised of particular 
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Importance to change project management, was the question of what role specification and 
knowledge was necessary to enable effective coordination across functional and other 
organisational boundades. Another Important aspect of communication of Information 
Involved a longer-term perspective; the capture of knowledge through documentation as the 
project progresses provides a traceable history of key design decisions and the opportunity to 
apply lessons leamt in future projects. 
4.1.7 Work group composition and knowledge adequacy 
The ready availability of project-specific knowledge within the work group was highlighted as 
an Important factor for project success. Historical examples within project personnel's 
experiences were cited In which key technical engineering knowledge related to specific 
systems was lost due to relocation of human resources and changes to organisational 
configurations, resulting in rework where new requirements arose relating to those systems. 
The fact that critical technical knowledge regarding the system that was the focus of 
development within the CAN project resided beyond the boundary of the Immediate project 
management team, in the original software development organisation, placed added 
importance upon networked communications, collaborative working and stakeholder 
management activities for successful project performance and timely remediation of problem 
issues arising. 
4.1.8 Motivational processes 
During problems experienced by CAM regarding the receipt of budgetary authorlsation for 
the performance of ongoing work, several comments were made indicating the potential 
dernotivating effect upon project personnel of hold-ups in the project's development. Due to a 
directive from senior management not to undertake work that wasn't formally assigned 
budgetary resources from the customer, a cut-off date was set to cease work towards 
deployment for a customer dependent upon the provision of budgetary resources. The 
Implied result, that a section of the human resources allocated to the CAPI project would be 
without project work tasks, was deemed undesirable, not only because of the loss of 
productivity and associated costs, but due to the dernotivation that would be experienced by 
project personnel who were left in doubt as to their purpose and value to the project. This 
issue raises the need to consider human outcomes such as variation in general motivation or 
morale as a result of project events. 
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4.1.9 Trust and work group cohesion issues 
Trust between organisational entities was identified as a key enabling factor for effective 
collaboration to occur between separate project Interests. Demonstrable Instances of the role 
of trust Included the facilitation of project work processes in situations arising due to ambiguity 
In formalised work authorisation and issues surrounding customer expectations. In these 
circumstances, productive work proceeded on the basis of Informal agreement, as is evident 
where work authorisation was forthcoming or unplanned, minor requirements were agreed for 
incorporation in the developed capability as the project progressed. Where negotiations 
concerning scheduling took place, a level of trust was necessary to openly discuss the 
constraints under which other projects were operating and sensitive performance Issues that 
were experienced within those projects. Work group cohesion or sustainability was Identified 
as an Important outcome of project experience that determined the team's ability to continue 
working effectively together as well as to benefit from shared work experiences through 
development of broadly understood team working practices. Through experience, Informal 
working practices and a unique group 'climate' developed, as well as Interpersonal, networked 
knowledge regarding where specific skills and expertise resided within the organisation. 
4.1.10 Organisational structure issues 
Comments regarding organisational structural issues made from the experiences of CAP1 
personnel included the statement that often the hierarchy within the organisation was too 
high. Consequently, key management sponsors and stakeholders didn't always get to know 
about and lend support to key change project issues and concerns. The delegation that was 
reported to occur hampered effective knowledge dissemination to empowered stakeholders 
regarding change project activities. At the higher levels of project organisation, the 
management sponsor was regarded as far removed from the operational Issues that 
concerned the CAM project. The result was over-delegation in general and at project 
performance review meetings in particular, with subsequent implications for the feasibility of 
informed and empowered decision-making processes. 
4.1.11 Key conclusions from the CAPI scoping study 
Apparent from experience within the CAPI project environment is the fact that the project 
management process involved a high level of organisational activities: communicating and 
coordinating between multiple stakeholders, negotiating agreement between various 
organisational entities with differing objectives or perspectives and managing the trade-off 
between interdependent project parameters. All of these activities took place within the 
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boundary of resource and other constraints that dictated the level of autonomy the project 
work group could exert over the structure and performance of the project work tasks. 
Resource constraints Identified included financial and human resource Issues but also many 
less tangible constraints such as the availability of scheduled time, the availability of relevant 
Information to support decision-making processes and the provision of authodsation to 
execute Individual work packages, in addition to technical Issues that dictated the functional 
properties of the product and where work effort was prioritised. 
From an organisational perspective, the nature of internal change projects such as CAPI is 
such that there exists a high level of complexity In project objectives and, necessarily, the 
work processes that deliver them. This Is due to the fact that projects of this nature, even 
those Involving what may be considered to be 'minor' software upgrades, are based upon 
multiple requirements for deployment of individually tailored solutions to multiple customers. 
A series of discrete capability solutions may therefore require development, testing and 
integration within various operational environments to a deployment schedule that Is accepted 
and coordinated with the ongoing programs of the project's customers. The effectiveness of 
the project management process involving the coordination, negotiation and resolution of the 
organisational and technical issues arising from integrating work across projects therefore 
becomes paramount to the success of the whole project effort. For this reason it is important 
to understand the factors that influence the effectiveness of these management activities and 
support them with appropriate measures where possible. 
In CAPI, the effort expended in coordinating group meetings, communicating between group 
members and ensuring all involved were well informed were considered to be project 
management activities that were peripheral to and detracted from the resources available for 
control of actual 'productive' work. Change project managers on CAPI suggested that it was 
the peripheral tasks and activities, which surround the actual development work, that caused 
the most problems and which contributed the biggest source of uncertainty in planning and 
project parameter estimation. The integrated project team organisational structure is 
therefore implemented in project-function matrix organisations in an attempt to facilitate the 
high level of communication and collaboration across functional boundaries that is necessary 
in the engineering of complex systems and products. 
Within the context of the CAPI project environment, it was possible to identify human and 
organisational issues underlying the technical processes within the execution of project work 
that impacted upon the smooth running of the project and management process, and 
ultimately upon the projects operational performance. Soft performance Issues identified 
included: stakeholder communication, work group autonomy, work group composition, 
motivational processes and trust between organisational entities, amongst others. Within 
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CAPI project management operations, there was an evident lack of specific measures to 
quantify the extent of these problem issues and a lack of support for analysis of the Impact of 
these factors upon operational outcome criteria relating to cost, quality and time objectives. 
That experienced project managers were conversant with soft systems Issues and their 
relationship to performance, in addition to those relating to control of technical aspects of the 
organisational system, was evident from the output of the Interviews. Awareness and control 
of soft factors In operational projects currently relies upon the intuition and managerial 
capabilities of experienced project lead personnel. Experienced managers are aware that soft 
issues may influence the performance of the project, but are generally unsupported In terms 
of tools and formal, specified processes In their efforts to control these factors. There Is a 
large volume of project documentation and formal deliverables that mandated project lifecycle 
management approaches require be completed, regarding the technical or 'hard' factors 
within a project, throughout its phases. The introduction of a formally defined, structured 
process for the identification and analysis of soft factors within the project environment would 
therefore significantly contribute to enhanced performance Improvement capabilities through 
complementing well-established technical or 'hard' systems approaches with a soft factors 
perspective. 
Performance management review processes and metrics implemented to monitor 
performance factors within the project were predominantly focused upon monitoring progress 
towards the achievement of operational outcome objectives related to contractual 
commitments. A general conclusion made by project personnel was that the lack of 'soft 
metrics' employed in project operations represented a more general lack of capability to 
analyse soft issues in current operational project management knowledge. Project managers 
in CAN emphasised the primary importance of operational outcome measures as the key 
value indicators driving the success of business activities. A soft metrics capability would 
therefore involve the ability to analyse hard metrics data regarding project performance, from 
a soft perspective. A key requirement for the soft metrics work identified from experience in 
the CAPI industrial context is therefore the need for a broader analytical process that is not 
necessarily confined to specific metrics. 
The CAM case study identifies a clear need for formal metrics, and performance analysis 
processes capable of addressing human and organisational systems functioning. 
Development of appropriate tools and approaches to this problem within the soft metrics 
research project began Wth conceptual modelling efforts to represent the relationships 
between potential soft factors and functional performance (see section 4.2 below). The 
CAPI project scenario is revisited later in this thesis in the development of an applied 
perform ance-modelling framework, outlined in section 5.1. 
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4.2 Conceptual development of a 'soft' factors modelling 
framework 
Goranson (1999) highlights the importance of complementing Information captured In 
quantitative form Wth relevant causal relationships represented In models, through stating 
that most quantitative information suffers from the "accountant's syndrome": 
Effects are measured, usually in the form of Ume and cost, but the complex causal 
relationships that a robust model would capture are lacking. (Goranson 1999 p. 104) 
In order to develop a clear conceptual basis and rationale for the measurement focus of the 
soft metrics research, efforts were undertaken to model the complex causal relationships 
between human and organisational factors evident from the review of theoretical and 
empirical literature reported in section 3 of this thesis. The principle aims In this undertaking 
were: 1) to integrate empirical research findings regarding the performance Influences of 
specific soft factors into a more holistic model representing the functioning of a complete 
human and organisational system, and 2) to develop conceptual understanding of an 
appropriate modelling framework for representing performance processes of this type. In 
considering the functional requirements for a conceptual human and organisational 
performance model, two key modelling activities are implicated: 
* Identification of soft factors 
Identify key classes of human and organisational variables that represent 
performance factors in human activity systems 
Specification of Interactions 
Provide a framework and method of mapping the influences between variables in 
order to represent performance processes in human activity systems 
Following outline of methodological considerations for modelling performance processes, this 
current section of the thesis describes general dimensions of performance or effectiveness for 
human-based systems. Early conceptual modelling efforts are then outlined which culminated 
in specification of a comprehensive modelling framework for the entire organisational system. 
This section then concludes with a theoretical exercise in which the framework is applied to 
represent human and organisational performance processes identified in the research 
literature to demonstrate the utility of the framework. 
The conceptual models outlined in this section of the thesis represent an iterative 
development process that began with general conceptual influence maps and culminated in 
the specification of a more practical modelling framework with defined performance factors 
97 
that was applicable to the target Industrial domain. inherent In this developmental sequence 
Is refinement of the scope of modelling efforts, from global modelling of performance 
processes across all levels of the organisation, to a more specific, narrow focus upon the 
work group as the primary functional unit In project-based organisations. 
4.2.1 Methodological approach 
Once a volume of literature relevant to organisational performance had been reviewed, and 
as a subsequent ongoing process, gradual refinement of the identified performance factors 
and their Interactions was performed to create a conceptual model of the 'soft' determinants of 
human performance. Several early versions of the performance models appear In this current 
section of the thesis and appendices B, C, D and E to give an Indication of intermediary 
stages in the development process. 
Several methodological Issues are Important with regards to the refinement of factors for 
inclusion within the conceptual model. Through successive iterations of the conceptual model 
and experience Within the industrial context, a definitive set of human and organisational 
performance factors began to emerge. With much of the literature yielding overlapping and 
reciprocal performance factors, a sub-aim of the literature review process was therefore to 
reduce redundancy amongst the factors proposed to account for performance, by Integration 
and conceptual clarification. This process was akin to efforts made to ensure a minimum of 
specification error in multi-factor statistical research, in terms of the requirements to ensure 
the inclusion of sufficient relevant factors only, in order to account for the variance In the 
target variable: in this case performance, and the omission of all other irrelevant factors. 
Borman (11991) offers a related concept by highlighting the Importance of 'criterion relevance' 
of the variables used to measure performance. 'Deficiency and 'contamination' are therefore 
two important issues for criterion relevance; deficiency referring to when a set of criteria does 
not measure all the important areas of performance-influencing factors present and 
contamination occurring when criterion measurement taps variance which is irrelevant to 
performance. 
Drawing upon empirical evidence from the literature review, knowledge regarding the relative 
importance and interaction effects of specific performance determinants was compiled in 
order to inform the process of selection of specific performance factors for Inclusion within the 
conceptual model. Another methodological consideration pertinent to the development work 
for the conceptual model was practical consideration of the 'measurabilit)( of performance- 
relevant factors defined within the framework. Jackson (1996) raises an Important point 
concerning the relationship between actual measurable variables and the underlying 
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constructs they are proposed to indicate. Figure 4.2.1a below provides an Illustration 
depicting the relationship between readily detected attributes of Individuals and underlying 
construct variables. Certain relevant variables associated with Individuals' functioning In the 
work place, such as skills, knowledge and expertise, are often 'underlying' constructs, only 
detectable by measuring more readily available, 'surface' attributes such as departmental 
membership and formal certification. 
Readily detected attributes Target underlying constructs 
Department/unit membership Knowledge and expertise 
Task- Organisational tenure Skills 
related 
Formal credential and titles Physical abilities 
Education level Task experience 
attributes Memberships in professional 
associations 
Gender Socio-economic status 
Age Attitudes 
Relations- Nationality Values 
oriented Ethnicity Personality 
attributes Religion 
Political memberships 
Physical appearance 
Figure 4.2.1a: Example relationships between readily detectable attributes and 
target underlying constructs (adapted from Jackson, 1996) 
Whilst on a conceptual level, it is necessary to model and understand the effects that less 
tangible constructs such as knowledge and culture have upon performance, it Is equally 
important to understand the relationship between these constructs and practically applicable 
indicators that may be employed to quantify them, such as organisational unit membership 
and formally demonstrable work-experience. Cultural factors also represent a great challenge 
for modelling efforts, as they are synonymous with intangible factors for which it is difficult to 
specify objective criteria. In terms of the measurement of cultural aspects, questionnaire and 
other measures can only 'diagnose' cultural aspects based upon observable 'symptoms' 
(Grote and KUnzIer, 2000) or quantifiable instances of 'behaviour' (Childress and Senn, 1999). 
Accordingly, in the refinement of performance variables for population of the conceptual 
modelling framework, efforts were undertaken to decompose broad, underlying constructs Into 
more observable criteria, as Is represented by groupings of major factors with sub-factors in 
several of the conceptual models that follow. In order to select suitable individual variables 
their relevance to several key performance dimensions for human systems was considered, 
the details of which are outlined In the following section. 
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4.2.2 Generic performance dimensions for human systems 
In developing a conceptual framework for modelling performance processes In human-based 
systems, considerable attention was given to the classification of potential soft factors Into 
broad types according to the function of an individual variable relative to key dimensions of 
performance. Review of literature related to human and organisational performance yielded 
many potential factors of several different classes Including both activities and properties or 
'state' variables. A classificatory framework was therefore required to represent the 
relationship between different types of variables and the aspects of performance or 
functioning that they described. 
Although writing in the context of work group functioning and effectiveness, Brodbeck (1996) 
outlines three important generic performance dimensions that should be considered In 
analysis of broader human systems: performance, effectiveness and productivity. Drawing 
upon the work of Campbell and Campbell (1988), Brodbeck states that 'performance' may be 
defined as an aggregate of those behaviours that are relevant for achieving the goals 
specified, 'effectiveness' is the degree to which the performance outcomes approach the 
specified goals and 'productivity' refers to how efficiently a particular level of effectiveness Is 
achieved. One of the appealing features of these definitions is that they may be applied 
equally to organisational productivity and individual performance, making them independent of 
any particular level of analysis within the organisation. Performance, effectiveness and 
productivity may therefore be said to describe generic concepts of performance as opposed to 
being tied to any one specific level within the organisation. 
paure 4. Z2a below provides a diagrammatic illustration of a framework for classifying 
performance relevant variables in the operation of human systems. Boxes within the diagram 
represent various relevant classes of variables that must be addressed in consideration and 
evaluation of the performance of human systems, including situational constraints, goals, 
behaviour and outcomes. The actual performance dimensions for evaluation are represented 
by the relationships between the classes of variables and encompass goal adequacy, 
procedural adequacy, effectiveness and productivity. The broad classes of variables within 
the framework are grouped according to various boundaries. Performance goals, behaviour 
and achieved outcomes may be considered to be properties of the human system, within the 
control of operations management efforts. Situational constraints, on the other hand, are 
external to the human system and hence form contextual Influences for operational activities 
and are beyond the direct control of the organisational system considered. 
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Figure 4.2.2a: Generic performance dimensions for human systems 
The classes of vadables and performance dimensions within this framework are specified in 
such a way as to be genedcally applicable across all levels of an organisation, representing 
autonomous functioning of individuals, work groups and the organisation as a whole. The 
framework draws upon the conceptual distinction made between 'performance', the actual act 
of 'doing' referred to in this framework as 'behaviour and activities', and the 'Outcomes' of that 
behaviour. The framework also illustrates the interrelated nature of the dimensions that 
describe organisational performance, implying that a comprehensive performance 
measurement system must first find adequate indicators for each entity and then seek to 
analyse the relationships between them. An appropriate example can be found in considering 
performance on one organisational sub-level; that of work group performance. 
The levels of various dimensions of performance can be assessed and measured through 
comparison of work group activities or behaviour, the performance goals for those activities, 
the results or outcomes of activity and the pervasive situational context. In this sense a 
measure of work group productivity can be derived from how efficiently activity produces 
outcomes. The measures of outcomes themselves do not indicate how effective a work group 
is, as gaining this information requires a value judgement achieved by comparison of 
outcomes with the original goals or objectives for activity. Similarly, the goals and 
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requirements of behaviour themselves, in order to provide an accurate template for indicating 
the effectiveness of results, must be appropriate In the situational context of the immediate 
organisation and broader environment. Finally, analysis of ongoing work group behaviour 
relative to performance goals gives a proactive indication of the adequacy of procedures for 
achieving valued work group outcomes. 
From consideration of issues associated with various performance dimensions In human 
systems it became apparent that conceptual performance modelling efforts needed to focus 
upon the relationship between outcome variables representing achieved productivity and 
activities or behavioural variables that represent actual human functioning within the system. 
It is important to note that the models presented in this discussion depict the conceptual 
relationship between variables identified as Important performance determinants. As with the 
models reviewed in the literature (see section 3.2), these models represent structured 
influence diagrams of performance factors, with the arrows representing causality or 
influence. The models presented here do not represent a structural 'system' model or 
architecture and the arrows do not represent workflows or the transmission of information. 
4.2.3 Early conceptual models 
A key finding from review of relevant empirical research literature was that human and 
organisational performance factors were highly interrelated and present at all levels of 
analysis within organisational systems. Accordingly, early conceptual modelling activities 
began with attempts to classify identified performance constructs according to the level of the 
organisation at which they originated. Figure 4. Z3a below consists of an overview of an 
early model that groups factors according to origin in one of several embedded layers of an 
organisation. 
In this representation, a boundary is drawn around performance factors that may be described 
as inherent within the organisational system, with all contextual factors and factors beyond the 
control of the organisational system, such as technological developments and competition, 
lying outside it's boundaries as features of the external environment. Within the 
organisational system, various embedded sub-levels are represented, including the unit or 
work group level representing the sub-division of the organisation's work force and the 
individual level, representing the people that populate each team or work group. At the 
organisational level, performance factors include broad cultural variables, work and 
performance feedback processes, IT adequacy and strategic level goals. Within the work 
group level, relevant performance factors include leadership, group-working climate, 
autonomy level and group composition factors amongst others. Critical performance factors 
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at the individual level include motivation, knowledge, well-being and personal characteristics. 
A more detailed breakdown of the performance factors included within this embedded-layered 
model may be found in appendices B and C, which consist of an alternative early version of 
the multi-level model and a reproduction of the model in figure 4.2.3a, with expanded 
variables to show sub-factors. 
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Figure 4.2.3a: Performance factors in embedded levels of 
organisational systems 
The key feature of the embedded-layers model is the fact that it represents integration of 
multiple perspectives in its adoption of a holistic view of human and organisational 
performance processes within an organisation. The implication for monitoring and control 
systems for human and organisational performance factors is that personal, team and 
organ isation-wide perspectives must be included as performance at each successive layer of 
the organisational system aggregates to contribute to performance on higher levels, within the 
constraints of the external environment. In this sense, organisational performance is the 
result of aggregated individual team functioning plus organisational level factors, and team 
performance is a result of aggregated individual human performance, plus team-level factors. 
In its descriptive capacity to explain actual human and organisational performance processes 
it was considered lacking in two critical respects: 1) there were no interactions within the 
model to show proposed directions of influence or link variables in causal sequences, and 2) 
the factors were only structured according to level of analysis rather than functional 
relationships to performance outcomes or performance processes. 
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To address these limitations, conceptual modelling efforts turned towards construction of 
general influence maps to represent specific interactions between performance factors 
identified at specific levels of analysis. Figure 4.2.3b below depicts one such early influence 
map, with factors structured around organisational, work group and individual performance. 
in this model, performance factors at each level of the organisation are presumed to affect the 
functioning of people, teams and the organisation as a whole. 
Pay Incentives 
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Motivatic, 
Job- 
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Task structure Division performance Cohesivcness 
work 
Stratcp 
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Composition functioning 
---------------- Organisation's 
performance 
Communication 
systems 
-- ---- V, -------- rgarnsationa 
Organisational culture 
level functioning 
Work task/Project ------------------ 
structure Strategv 
Figure 4.2.3b: Early conceptual performance model with influences at individual, 
work group and organisational levels of analysis 
Apparent from the conceptual model in figure 4.2.3b is the complexity of interactive 
processes between soft factors in organisational systems. This trend becomes even more 
apparent from the expanded influence map included within appendix D. Several key features 
are inherent within these early conceptual models resulting in the need for a more 
comprehensive modelling framework capable of structuring variables according to type and 
function. Regarding the performance factors and interactions depicted within figure 4.2.3b 
above, these features may be summadsed as: 
Multi-stage chains of influence: A performance factor may be more directly or 
indirectly associated with performance and functioning. It may have a direct influence, 
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such as the influence of motivation upon individual performance, or the Influence of a 
factor may be mediated by other factors: both trust and cohesiveness act upon work 
group performance through the level of collaboration present. The result Is expanding 
chains of influence as the determinants of an entity's functioning are analysed. 
Multiplicity of Influences: Each performance factor may have multiple Influences on 
multiple factors. For example: job-satisfaction may influence both well-being and 
motivation; organisational culture impacts upon both group cohesiveness and trust. 
Impact upon multiple levels of functioning: Each performance factor may Influence 
multiple levels of functioning Within the organisation directly, In addition to aggregation 
effects between levels. For example, communication systems may be associated with 
both organisational level and work group level performance, and leadership Impacts 
upon both the group and individual levels. 
4.2.4 Towards a comprehensive modelling framework 
Building upon lessons leamt in initial attempts to model human and organisational 
performance processes, a broad conceptual framework was developed to structure influences 
and categodse performance vadables according to functional odgin. Ultimately, 
understanding performance processes in the entire organisational system, requires the 
adoption of a framework that is capable of integrating the interacting vadables across all 
levels of the organisation, in order to explore contextual and aggregation effects. Figure 
4.2.4a below outlines a template for a global model of organisational performance, upon 
which the influence of variables affecting performance can be mapped to specific activities 
and outcomes of those activities, on each sub-level of the organisation. 
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Modelling variables across organisational sub-levels in this way enables representation of 
how organisational behaviour can be deconstructed into lower level performance processes. 
The delineation between each level's factors can be made in terms of the issue of control: 
when an entity, whether it be an individual, work group or organisation cannot exert positive 
influence over the factors that influence it's processes and outcomes, those factors may be 
considered to be 'higher level' variables. Accordingly, this generic, high-level model may then 
be populated with specific performance factors and interactions according to classification 
within the framework. Three main classes of variables are identified within the framework as 
operating at each level of the organisational system. The three classes may be described as 
follows: 
0 Behaviour and activities: refers to variables that are concemed with actual 
productive and interactive processes, or the act of 'doing', that represents human 
functioning within the organisation. A key feature of these variables is that they 
represent activities, processes and behaviour that occur over time and as such 
depict various transformation processes. In this sense they may be described as 
temporally active variables. These variables may also be purposeful goal-oriented, 
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Figure 4.2.4a: Template for modelling interactive processes between 
performance factors at multiple levels of the organisational system 
productive activities, or represent social processes that Inevitably occur where 
people interact. 
Outcomes: refer to quantifiable variables that represent the results of human 
functioning, in the form of tangible output and work products or other Incidental 
results such as changes in the state of the human system. Outcomes therefore 
comprise static 'state' variables that represent output from the system and are 
linked to determining behavioural factors. 
Contingency factors: refer to a broad class of variables incorporating factors that 
influence the relationship or Interaction between activities and their outcomes. 
Contingency variables lie outside of the activity and outcome frames and may be 
linked to activities or outcomes directly, or through other mediating variables of any 
type. It is also possible that contingency variables themselves can be Influenced 
directly by the outcomes of work group functioning through feedback processes 
representing learning and work process improvement. Contingency variables are 
static, quantifiable variables that form inputs or exert some contextual influence 
upon work group functioning or processes and therefore represent situational 
conditions for the human system. 
The framework is therefore based upon the relationship between 'activities' or 'behavioural' 
variables and the 'outcomes' of these processes, the predominant rationale being that the 
level of the individual outcome variables to which they are linked indicates effectiveness of 
functioning. A third category comprising 'contingency factors' or 'preconditions' is included to 
represent contextual variables and situational constraints that influence performance 
processes and functioning either directly or through mediating various relationships between 
activities and outcomes. Hence, the efficiency with which human functioning translates into 
productive output may be considered to be 'contingent' upon the presence and operation of 
these precondition variables. Figure 4.2.4b below depicts the template structure for 
classifying performance variables at a single sub-level of the organisation. 
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ORGANISATIONAL 
LEVEL 1 (Individual) 
Contingency 
variables 
ORGANISATIONAL 
LEVEL 2 (Workgroup) Activities Outcome 
and variables 
behaviour 
t 
i P. 
ORGANISATIONAL 
LEVEL3 
(Organisation) 
Figure 4.2.4b: Expanded template for modelling specific interactive processes 
at a single sub-level of the organisational system 
Using performance factors identified in the literature review and associated empirical 
evidence of the dependent influences of these variables, detailed human and organisational 
performance models were constructed for the individual and work group levels of 
organisational behaviour. These two levels were focused upon in detail in conceptual 
development efforts as they represented the more amenable levels of the organisational 
system for human factors analysis; the organisational level being more a strategic 
management issue. The organisational level is represented in the work group level model 
nevertheless as several organisational-level factors were identified as having a contextual 
influence upon work group functioning and specific influences relating to these factors were 
therefore mapped. In order to provide the reader with an example of the analysis and 
refinement process for development of the conceptual models depicted below, the work group 
level model at an intermediary stage of development is included within appendix E. 
Figures 4.2.4c and 4.2.4d below depict the conceptual performance factors models for the 
individual and work group levels of functioning, respectively. Within each of the models, the 
level of interest is expanded to depict full contingency-behaviour-outcome causal sequences 
and influencing factors from other levels of the organisational system are depicted as 
peripheral. Due to the complexity of interactive processes between many vadables it is 
necessary to present the overall model in separate levels in this way. Note that the boxes 
108 
that contain the variables, in many cases, represent a broad class of sub-factors Identified 
from the literature as having common principal influences. The models incorporate many 
complex interactions and a multitude of different performance factors reflecting human and 
organisational variables that empirical research has highlighted as Important for effective 
performance. For further explanation of how the model represents specific performance 
influences and functional processes, the reader is referred to section 4.3 of this thesis, which 
includes a more detailed breakdown of the work group level of the model. The subsequent 
section of the thesis (section 4. Z5 below), outlines the reasons for identification of the work 
group level as of particular interest for the soft metrics research work. 
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Figure 4.2.4d: Conceptual model of human and organisational factors influencing 
performance on the level of the wOrk group within the Organisation 
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4.2.5 Level of analysis: the primacy of the work group in project 
operations 
From experience gained through the industry scoping study, It became apparent that the 
dominant functional unit within BAG SYSTEMS' project operations was the work group or 
'Integrated Project Team' (IPT). Temporary and long-term multidisciplinary teams were 
created to integrate effort across functional boundaries within the organisation to produce and 
support systems products and services. The IPTs were assigned with management and 
control responsibilities for their projects and had a high degree of functional autonomy 
regarding the planning and organisation of project work tasks. The teams were also 
responsible for performance monitoring and control activities that took place at a series of 
peer-approved reviews scheduled to coincide with key phases in the project's lifecycle 
management plan. 
Following conceptual development of the modelling framework in the soft metrics research, 
the decision was made to apply the approach to human and organisational performance 
processes and contextual factors that impacted upon project management teams, 
representing a narrowing of the focus of the modelling work from organisational-level systems 
to work group functioning and effectiveness. This decision allowed research efforts to focus 
upon the specific human systems of interest in depth and was justified through experience 
within the applied industrial environment in which 'organisational performance' was found to 
be largely driven by individual project performance, that in turn was a function of project 
management team effectiveness and contextual influences. Subsequent modelling efforts 
culminating in the development of an applied human and organisational performance (HOP) 
modelling framework therefore sought to represent processes at the work group level as the 
primary level of analysis. Higher-level contextual factors were only considered to the extent 
that they impacted upon team performance and lower-level factors associated with the 
individual level were integrated within 'work group composition' factors. 
As project management team performance is identified as the focus of further conceptual 
development efforts it becomes appropriate at this stage to give some consideration to the 
definition of working groups as functional sub-units within organisations. West (1996b) 
comments that organisations are growing in size and becoming structurally more complex, 
increasing the need for groups of people to work together in coordinated ways to achieve the 
organisations goals. Complexity in organisational systems results in increasing sophistication 
and expansion of work-place concepts, the language used to describe them and information 
technology to support work processes. It is therefore necessary to facilitate human contact 
between individuals in the work-place through team-based work processes if shared 
understanding of information is to develop. 
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Complexity in organisations means diversity In work groups and Increasing reliance upon 
multkdisciplinary collaboration and coordination across functional boundaries within the 
organisation in order to produce effective Integrated solutions. Focusing upon the extent and 
structure of diversity in work group composition, and the effects of diversity on processes 
such as communication and, decision-making, represents an Important point for analysis of 
human and organisational processes within a project-based organisation. The complexity and 
broad scope of systems engineering projects necessitates group decision-making processes 
in which multiple perspectives and stakeholder views are considered. In the aerospace and 
defence domains in particular, delivery of complex products requires a multiplicity of 
engineering expertise and disciplines to collaborate during all aspects of the product 
development process. At the macro level, overall project success represents performance 
criteria at an organisational level. At the micro-level however, project work-tasks are 
accomplished by individuals, whose performance and developing expertise Is usually tracked 
by human resources-led performance appraisal processes. Due to the dominance of group- 
working practices in modem operations, a third, intermediary performance level Is warranted: 
that of the work group as a basic functional, autonomous entity within the broader 
organisation. 
There have been many attempts made to arrive at a satisfactory definition of what constitutes 
a 'work group' within an organisation (e. g. West, 1996b; Brown, 1988; Guzzo and Dickson, 
1996; Guzzo et al, 1995) from which several specific themes emerge as Important. A 'work 
group' may be broadly defined as any identifiable group within the organisation in which 
members share a common work objective and interact to achieve that objective. Work groups 
may be formal in that they have an assigned identity, function and specified roles, or'ad hoc! 
groupings that self-organise through necessity to achieve specific objectives. The presence 
of role structures is a defining characteristic of work groups, such structures being either 
formally pre-assigned or rapidly emerging through group developmental processes (e. g. 
Belbin, 1981). Work groups exist at all levels, from executive management to operations-end 
processes, and may be permanent or temporary. Work groups within the organisation need 
not be formally defined, but may also include informal social groups without direct 
responsibilities, such as peer groups. Tannenbaum et al (1996) employs a broad definition of 
what constitutes a 'work group': 
... a distinguishable set of 
two or more people who interact dynamically, 
interdependently, and adapUvely and who share at least some common goals or 
purpose (Tannenbaum, Salas and Cannon-Bowers 1996, p504). 
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The presumed benefits of team-based working practices In an organisational setting are 
therefore closely linked to human interactive processes that allow cross-functional Integration, 
from a work process perspective (Hammer, 1988), and utilisation of collective knowledge, 
from a knowledge management perspective (Ruggles & Holtshouse, 1999). Work group- 
based functioning Is presumed to benefit from the pooling of skill sets and experience brought 
to bear on a task and higher objectivity in decision-making through the ability to Incorporate a 
range of perspectives in the process. The introduction of group-working practices Is largely a 
response to complexity in modem organisations, and provides a platform for convergence and 
processing of Information across functional areas, integrating what may be diverse working 
processes, sub-cultures and operational perspectives to achieve unified goals. 
114 
4.3 Theoretical population of conceptual modelling framework 
In order to outline the content of the conceptual human and organisational performance 
models constructed during the course of the soft metrics research project, this section gives 
an account of a theoretical exercise undertaken to demonstrate the application of the work 
group level conceptual modelling framework. Through an evolving series of diagrams 
representing specific 'soft' performance influences and processes the work group 
performance model framework Is decomposed and the rationale for populating it with specific 
performance factors and influences identified from existing empirical research literature Is 
described. As such, this exercise offers important evidence for the theoretical validity of the 
modelling approach, framework and Implied method at an early stage of development, In 
order to gain insight Into any anticipated Issues or limitations based upon what may be 
considered to be a 'theoretical' case scenario. 
It is hoped that the modular and sequential structure of this section offers a means of 
understanding complex interactive processes in the model of work group functioning. In 
reality, it is difficult to identify specific linear sequences of influence In what the research 
literature showed to be highly interdependent 'systems' of interacting variables. An accurate 
picture of the systemic nature of human and organisational factors can therefore only be 
gained from viewing the model as a whole. Athough the 'contingency factors', 'activities' and 
, outcomes' distinctions may imply a linear sequence of causality, it should be noted that the 
general framework allows bi-directional arrows or reciprocal Interactions to be mapped 
between elements. This is an important conceptual point, as the variables that interact in 
order to influence work group performance, behave as a complex adaptive system Involving 
feedback or cyclical processes that represent learning and development. 
The figures in the sub-sections that follow depict a sequential 'construction' of the model, with 
each successive figure adding specific variables and influences that are discussed in the text. 
For the sake of convenience, the factors and interactions that are of current Interest within 
each successive model are highlighted in red. The variables included within these models 
relate specifically to the groupings of factors identifiable in the work group performance model 
depicted within figure 4.2.4d. The performance processes discussed are grouped under 
logical headings that form the titles of sections 4.3.1 to 4.3.10 below. Accordingly, specific 
performance issues considered may be associated with work group outcomes, contextual 
factors, decision-making processes, group composition, level of autonomy, motivational 
processes and learning. 
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4.3.1 Global preconditions for work group functioning 
Figure 4.3.1a below depicts the influence of several important 'contingency factor' or 
'Precondition' variables that were identified as having a global influence upon all behavioural 
variables. In accordance with the general effects of these variables, they are depicted in the 
figure as influencing the entire class of work group behaviour variables, rather than specific 
factors within the behaviour class. 
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Figure 4.3. la: Wor* group level performance model - global preconditions 
Research into the structure of human activity in the work place has highlighted many features 
of goal directed behaviour that influence performance, which are loosely structured into two 
main categories here: features of the work group's task or group task characteristics and 
group goal characteristics referring to the nature of the goals set for activities. Regarding 
work group tasks, prominent performance-influencing characteristics include how group tasks 
are decomposed for assignment of sub-tasks to individual members (task decomposition), 
how inherently complex the task is and the subsequent degree of co-ordination required to 
perform it (task co-ordination; task complexity) and how rewarding or appealing the task may 
be to the work group as a whole (task significance; task variety task afforded autonomy, task 
completeness). 
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The inclusion of goal characteristics reflects the fact that much human behaviour In the work 
place is overtly goal-directed, and as such pervasive features of goals and objectives set for 
work groups can be analysed for their impact upon performance. The effectiveness of work 
group behaviour may therefore be influenced by factors such as goal clatity and goal 
achievabififyý whereas other features such as the presence of goal conflict may inhibit work 
group effectiveness. 
Other important influences upon all activities in the work group centre on people's ability and 
willingness to perform well. The collective ability of work groups to successfully carry out their 
activities is largely a function of the aggregated skills and knowledge available to the group, 
through pooling of knowledge and experience between the group's members. The willingness 
of the group to successfully accomplish its activities relies upon motivational input and cultural 
factors; the shared attitudes and shared values that exert covert influence over behaviour, 
and the shared norms for the performance of activities which develop over time within the 
group. 
If the work group's task environment dictates performance to a certain degree, then the 
adequacy of the group's means of coping with that environment, in the form of formalised and 
socially accepted group-working practices 'and procedures, is also Important. Finally, 
temporal modification as a factor, must itself be considered. One of the defining 
characteristics of work group processes is that they take place in time and group tasks 
change over time, especially where project teams may be required to perform a sequence of 
related tasks in order to achieve a specific overall objective. At different periodic instances of 
measurement, the exact value of other variables associated with behaviour and activities 
required to elicit appropriate outcomes in specific situations will change. The temporal 
dimension for the outcomes of work group performance is also important, as teams need to 
be adaptive and capable of delivering valued output in the future through learning and being 
cognisant of changing situational conditions. 
4.3.2 Primary valued outcomes of work group functioning 
Figure 4.3.2a below specifies two important groups of outcome variables that may be 
considered to be results of group functioning: group productfve output and innovation or new 
knowiedge. Achieving valuable results for the organisation invariably involves the 
accomplishment of the goals set for work group activity. The resulting output is often tangible 
and quantifiable in terms of conventional measurement variables such as quality, quantity, 
cost, time and error. Less obvious outcomes refer to the temporal aspect of performance: the 
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ability of an organisation to continually renew itself and its competitive position, through 
continuing to create valuable output into the future. Essential to this process is new 
knowledge as outcomes of human endeavour within the organisation, included here on the 
work group level because it is normally project-focused multi-disciplinary work groups that are 
tasked with the responsibility of renewing organisational structures, processes and 
capabilities to create value in the future. 
4.3.3 Work group decision-making processes 
Figure 4.3.3a below summadses important performance vadables for decision-making 
processes in work group functioning. Effective decision-making in work groups can be 
generally said to involve several collective and sequential sub-processes. Problem de 1 jo Fnit n 
involves the collation and construction of information describing the nature and requirements 
placed upon the group task. Solution generation normally begins with a preliminary 
'brainstorming' phase that will benefit from the diversity of skills, experience and knowledge 
inherent in an effective work group. Solution analysis and pdoritisation is an essential part of 
decision-making that actually results in the group agreeing upon a direction in which to 
proceed, before solution implementation processes can be performed. 
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Figure 4.3.2a: Work group level performance model - primary outcomes 
Figure 4.3.3a: Work group level performance model - decision-making processes 
As social interactions, collaborative processes are subject to inevitable social psychological 
processes that may result in bias or deficiency in work group objectivity. Various social 
interactive processes are implicated in considering the quality of work group decision-making, 
most derived from the study of interpersonal or group dynamics. Interaction, orientation, 
conflict and norm emergence are all important aspects of collaboration in the work place 
setting. Norm emergence occurs naturally as groups develop and individuals work together, 
and is an essential process for the effective dissemination of understanding about how the 
group functions, what appropriate behaviours are and how the group responds to specific 
tasks and situations. Developed norms for group-working practices and procedures decrease 
the amount of time the work group needs to spend organising itself and allocating sub-tasks 
within itself, allowing productive effort to be concentrated upon 'actual' work, as opposed to 
'organising' work. Conflict, or rather conflict management, is another process emerging from 
collaboration and interaction between individuals. When managed constructively, the 
presence of conflict in a group can exert a positive influence upon the quality of group 
decision- ma king, by encouraging members to reconsider assumptions and justify their 
approaches to a problem. 
Group task characteristics and grOup-working procedures are implicated in figure 4.3.3a by 
considering the effects of group-interactive processes upon performance. Various I process 
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losses' are known to occur in terms of individual group member productivity, due to Increased 
communication demands placed upon individuals by the group situation. Appropriate 
procedures and group-working practices can minimise the negative effects of collaborative 
working upon performance. Features inherent in the task environment, such as the level of 
inherent performance feedback or availability of information, can influence the objectivity of 
group Interactive processes. In groups where cohesion is valued highly, as well as successful 
task accomplishment, poor informational input from outside the group makes it easier for 
group members to mask or down-play contradictory information to current opinion in the 
group, either unconsciously or deliberately. 
In flatter-structured organisations, work groups are expected to Integrate with their broader 
organisational environment in order to define more accurately their task problems and 
generate an optimal range of potential solutions. These aims are largely achieved through 
several processes. Environmental scanning involves appraising the broader organisational 
and external environment for the potential means to achieve the work group task, such as the 
identification of potentially useful technology or relevant academic research or institutions that 
may be drawn upon as a source of specific knowledge and expertise. Information probing 
and stakeholder identification involves identifying specific individuals with an interest or 'stake' 
in the subject of the work group's current activities and through so doing, gather together the 
relevant information to aid the group in defining its task, methods and potential solutions. 
These categories may also include requirements analysis aimed at the 'customer for the work 
group's output. In work groups convened to develop internal organisational structures or 
processes, the end-customer or 'user for the output of innovative efforts may not always be 
apparent from the outset, placing emphasis upon the stakeholder identification process to 
elicit as much relevant information as possible, for subsequent decision-making. 
4.3.4 Work group composition 
Figure 4.3.4a illustrates the important influence of variables associated with group 
composition. In modem organisations the need to integrate and co-ordinate efforts across 
functional boundaries, through the use of multi-disciplinary work groups, exploits diversity in 
group composition to functional advantage. Functional integration and co-ordination is 
therefore an important process or aspect of work group activity for effective functioning. Often 
group goal accomplishment requires the successful co-ordination of diverse, and occasionally 
less than compatible, functional or disciplinary sub-sections within the organisation. This is 
particularly the case with regards to capability and new process development, in which an 
integrated process requires understanding perspectives from several different areas of the 
organisational system, simultaneously. 
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Figure 4.3.4a: Work group level performance model - group composition factors 
There are three general dimensions upon which group composition can vary: group size, 
group composition structure and group member characteristics. The group composition 
structure variable refers to the level of heterogeneity and homogeneity amongst individuals 
comprising the group. For cross-functional collaboration a degree of heterogeneity in skills, 
knowledge and experience is required in order to benefit work group performance. 
Conceivably, other task requirements exist in which a more homogeneous group composition 
structure will be favoured. The group size variable is presumed to influence organisational 
requirements for coordinating, convening and communicating in groups, which are 
exacerbated by larger groups of people. 
Variance in group member characteristics is an important group composition vahable. 
Various work related individual vahables may be utilised to indicate diversity in skill, 
knowledge and expehence resources available to the group, including department 
membership, training, past work-expehence and association with other projects, amongst 
others. In terms of personal variables, groups composed of individuals that are diverse in 
attdbutes such as language and cultural background, may expehence performance problems 
due to poor communication processes and lack of intragroup cohesion. With computer 
supported collaborative working systems enabling personnel to collaborate across 
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geographical and even national boundaries, it becomes important to understand how diverse 
perspectives upon working practices and attitudes to performance may influence the overall 
effectiveness of these work groups. 
4.3.5 Work group autonomy 
Figure 4.3.5a depicts performance factors relevant to an important activity, from a systems 
point of view. Self-organisation activities represent 'systemic' feedback processes and hence 
a major objection to the linearity inherent in so-called input-process-output models of factors 
influencing work group performance. Complex, flatter-structured organisations employing 
m ulti-discipli nary autonomous work groups to perform projects have resulted in teams that 
possess a degree of control over their task and situational environments. In this sense, work 
group activities are capable of exerting reciprocal influences upon their determinants or 
contingency factors. 
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Figure 4.3.5a: Work group level performance model - group autonomy 
Self-organising activities such as goal setting, target setting, temporal planning and task co- 
ordination are able to influence important contingency factors influencing the effectiveness of 
work group functioning, such as those relating to the characteristics of work group tasks (such 
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as task complexity and task organisation) and work group goal characteristics (such as goal 
clarity and goal achievability). Generated future targets can themselves be considered an 
Important outcome of work group activities relating to the temporal planning and organisation 
of future behaviour to meet scheduled deadlines and specific objectives. 
Perhaps the most important feedback interaction influencing work group performance Is that 
in which the outcomes of work group functioning act as input for work group activities which 
are carried out to appraise the value of current performance. Performance evaluation 
behaviour is essential for work groups to refine their performance strategies and develop 
capability for the future. Variables such as the timeliness, quality, quantity and relevance of 
performance feedback available to work groups will therefore play an Important role in 
influencing their future or subsequent performance. The autonomy level of the work group, 
partly afforded by the nature of the work group task, acts as an important mediating variable 
between the work group and its broader environment. The more autonomy a group has over 
its own functioning, the less the outcomes of work group activities can be attributable to the 
operation of external situational factors, as opposed to being the result of actual behaviour 
and efforts on the part of the team. 
4.3.6 Development of work group capability and knowledge 
Figure 4.3.6a addresses key learning and knowledge generation processes, essential for 
maintaining the organisation's future viability. Knowledge is one of the most important 
outcomes of organisational functioning, and a prime example of human or intellectual 
performance variables that are largely 'intangible' in nature. Knowledge is valuable to the 
organisation because it is a reusable resource for future innovation and adaptive capability, 
made all the more important by the high demand for flexibility in organisational structures and 
the unpredictability of future operating environments that influence contemporary 
organisations. Although the quality of technical knowledge and procedural knowledge present 
in a work group is an important determinant of the ability of the group to accomplish its goals, 
the generation of knowledge itself as an outcome, is one of the key purposes of implementing 
group-working practices in organisations. 
Several work group activities are associated with the generation of knowledge as a 
performance criterion. Work groups provide a structured platform for individuals Within an 
organisation to socially interact (represented by the factor social interactive processes) and 
share information and experience. In this sense group learning can be said to occur and best 
practices emerge. Through the group development that occurs naturally as a result of 
continued day-to-day interaction over time, specific skills and expertise brought to the group 
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by individual members gradually becomes disseminated and 'owned' by the entire group. 
This process allows groups to display a collective or collaborative 'memory', and group- 
working practices is therefore one of the primary methods an organisation can employ to 
retain its 'intellectual capital', which will benefit future organisational performance even though 
the people in which the knowledge resides are mobile within the organisation, and may even 
leave the organisation altogether. 
Knowledge as an outcome of work group activity is a key resource, which feeds back into the 
contingency factors influencing future work group performance over time. The most obvious 
interaction here is the one with group-working practices and procedures, in which 
methodological lessons learnt during day-to-day work group functioning are used to inform the 
way future activities and tasks are carried out. In this sense the organisational learning that 
originates at the work group level is cumulative over time. 
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Figure 4.3.6a: Work group level performance model - group capability development 
4.3.7 Motivational Processes 
Figure 4.3.7a depicts the influence of motivational processes and associated factors on work 
group performance. The factors that influence the motivation of work groups to perform 
optimally are difficult to identify, but features of the task structure are known to influence well- 
being of group members and therefore must influence the motivation of groups. Factors 
important to psychological well-being include task variety, task significance and task afforded 
autonomy. 
Cultural influences in the form of shared attitudes and shared values will dictate the general 
'climate' within the group, influencing group member's willingness to work and collaborate. 
Motivational processes largely operate through influencing the quality and quantity of 
communication behaviour within work groups, resulting in notable differences in performance 
between groups that communicate sufficiently to 'get the job done' and more cohesive, 
interactive groups in which knowledge and experience is readily disseminated amongst group 
members. 
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Figure 4.3.7a: Work group level performance model - motivational processes 
Group cohesion may be said to exert an important motivational influence, and the 
preoccupation of modem organisations with attempting to foster cohesive groups through 
, team-building' initiatives is testimony to this. Research indicates, however, that the outcomes 
of performance have a feed-back effect upon group cohesion in that successful, task- 
accomplished work groups become more cohesive as a result of their effective functioning, in 
addition to the reverse: that cohesive groups high in Interpersonal liking between group 
members achieve higher levels of performance. It is likely that group cohesion does Influence 
outcomes of organisational functioning through removing barriers to effective communication 
processes. There are also examples in which high group cohesion results in poor 
performance, through causing group members to value cohesion and agreement within the 
group above objective decision-making, as is the case in the 'Groupthink' phenomena. 
4.3.8 Individual level group member factors 
Figure 4.3.8a below incorporates interactions between the work group level and performance 
factors that may be described as residing within the individual level of analysis within the 
overall organisational system. As these factors are not part of the work group level they are 
colour coded in blue. Factors associated with the individual in the organisation aggregate to 
influence performance upon the work group level and the work group provides a situational 
influence upon performance processes at the individual level of analysis. 
Group motivation is a function of the motivation levels of individuals that comprise the work 
group members (hence individual mofivation impacts upon group motivation). The work 
group's task environment also provides a contextual input to the task characteristics of the 
individual's sub-tasks. In this sense, the nature of work group organising behaviour that 
involves the decomposition of group tasks and allocation to specific individual members Within 
the group ultimately influences how the features of those tasks affect the performance of the 
individual. 
In considering group member characteristics as variables resulting in diversity in group 
composition, it becomes important to identify what exactly the person-related attributes that 
distinguish one person from another, at the individual level, are. Personal characteristics 
therefore include age, educational level, personality and ethnicity, to name a few variables 
that have been found to affect work group processes such as communication and decision- 
making. The work-related characteristics of individuals (status, geographical location, 
training, professional background and functional discipline) are important variables that 
influence the diversity of organisational perspectives brought to bear upon group tasks and 
decision-making processes. 
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Figure 4.3.8a: Work group level performance model - group member factors 
Consideration of the outcomes of work group functioning is incomplete without accounting for 
personal experience and outcomes that group members achieve on the individual level, 
through involvement in group activities. Such personal outcomes include: well-being, job- 
satisfaction, motivation and personal growth and development, all thought to exert a 
reciprocal influence upon the individual's ability and willingness to perform effectively in the 
future. Knowledge generated at the work group level can be thought of as 'stored' in, or 
belonging to, people and as such must be considered as an outcome on the individual level. 
In this sense, the individual gains new task knowledge and new task skills and abilities 
through involvement in the group working process. 
4.3.9 Organisational level contextual factors 
Figure 4.3.9 depicts interactions between performance factors at the work group level and 
those on the higher organisational level (identified in green). From a systems point of view, it 
is essential to consider the contextual influence of the broader environment beyond the 
control of the work group. Organisational level factors therefore interact with work group 
functioning by influencing specific contingencies, behaviour and outcomes at the work group 
level. 
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Figure 4.3.9a: Work group /eve/ performance model - organisational level factors 
Group motivation is influenced from the organisational level by incentive provision or reward 
allocation processes. The broader organisational cultural context provides a motivational 
context for all human endeavours; within the organisation, and therefore plays a part in 
influencing the pervasive climate within any one particular work group. Specific cultural 
attitudes and values, such as the individualism-collectivism and task-social orientation of an 
organisation as a whole holds specific implications for the likelihood of successful group- 
working practice. 
Strategic planning and high-level coordination activities such as temporal planning, deadline 
imposition and task scheduling, represent the strategic input of efforts at the broader 
organisation-wide level to coordinate and organise activities through mandatory operating 
procedures to ensure that it maintains its ability to perform effectively and competitively into 
the future. Such higher-level planning dictates the task and goal contexts in which work 
groups function, to a certain extent, and any autonomy the work group exerts over its own 
functioning is therefore strategically afforded by higher-level allocation of responsibility. 
An important outcome for the organisation as a whole is the stockpiling of codified knowledge 
through an organisational leaming process. In this sense, knowledge that is generated as 
outcomes from group functioning at the work group level aggregates across groups to form a 
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knowledge repository of documented process knowledge. Due to the non-permanence of the 
human elements of an organisational system and the organisation's Inability to 'own' 
knowledge that exists wholly within people, the organisation must develop knowledge 
management processes and systems capable of capturing knowledge, codifying It into a 
tangible form that can be stored and distributed, and disseminating it when needed. The 
efficacy of Information systems is therefore Implicated by this Important aspect of long-term 
organisational performance. Organisations can also facilitate group development through 
training and development processes, an activity which also builds knowledge and expertise In 
work groups. 
The effectiveness and efficacy of information and communications technology at the 
organisation-wide level is an important variable influencing performance, specifically through 
facilitating communication within work groups whose members may be separated by 
geographical distance, or large groups that find it difficult to convene. In terms of financial 
performance, computer-supported co-operative working systems have already been 
demonstrated to generate savings in travel expenses and wasted travel time, when 
implemented under the right conditions. 
Finally, the resource allocation processes employed by the organisation may be considered to 
have several effects upon performance at the work group level. The allocation and 
configuration of human resources into various work groups and organisational sub-units 
impacts upon the dissemination of knowledge and skills within those groups, by dictating the 
diversity of group members brought together to interact. In this sense resource allocation can 
have a direct impact upon group leaming processes within work groups. Another important 
influence of resource allocation is it's direct impact upon the quality of innovations produced 
by a work group. As innovation is a speculative, creative and often spontaneous activity, 
which is not necessarily bounded by clear requirements as are other outcomes of work group 
functioning, the degree of freedom the organisation affords work groups in terms of allocating 
enough rinances to allow experimentation, providing the informational resources and training 
to support R&D activities and allowing adequate temporal resources in terms of the allocation 
of time for trial and error is important. 
4.3.10 Key conclusions 
Having applied the conceptual modelling framework to work group functioning in order to map 
influences between human and organisational performance factors based upon review of 
empirical research literature, several key conclusions may be drawn. A conceptual modelling 
framework was developed in order to impose structure upon what are largely highly complex 
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interactive processes or causal chains linking specific human and organisational performance 
variables. This approach classifies variables according to type: either 'contingency factors' 
representing contextual factors that impact upon work group functioning, 'activities' 
representing behavioural processes or 'outcomes' of functioning. This typology may be 
successfully applied to classify research-based performance factors and in so doing represent 
the human aspects of functioning in the work environment. 
The result of deconstructing complex interactive processes in the preceding sections of this 
thesis is a comprehensive theoretical or research model of human and organisational factors 
affecting work group functioning, an overview of which is depicted in figure 4.3.10a below. 
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Figure 4.3.1 Oa: Complete wor* group level performance model 
Based upon this framework and factors, subsequent soft metrics research efforts were able to 
implement the concepts and performance variables identified in an applied model and 
framework for analysis of soft issues in operational industry projects. Development work 
undertaken to specify an applied human and organisational performance (HOP) model for 
project management work groups, with linked metriGs, forms the subject of the next section of 
this thesis (section 5). 
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Section 5 
APPLIED HUMAN AND ORGANISATIONAL 
PERFORMANCE MODEL AND METRICS 
Drawing upon findings from development of a conceptual performance model for work group 
effectiveness and practical experience of soft performance issues in an Industry project 
management team, this section of the thesis outlines the development of the applied soft 
metrics tools that formed the main output from the soft metrics research project. The tools 
outlined within this section were later implemented in a series of project case studies to 
evaluate their effectiveness (the results of which are reported in section 7 of this thesis). The 
tools comprise several integrated components including: 
1) A Human and Organisational Performance (HOP) modelling framework. 
2) A detailed list of potential soft performance factors broken down Into sub. 
factors that can be used to populate the model. 
3) An Inventory of 'soft metrics' and measurement methods linked to key 
performance factors. 
4) A detailed application process with defined activities for implementing the 
model, factors and metrics In operational projects and validating the utility 
of these tools (from the research and development perspective). 
The sub-sections below give consideration to how the HOP modelling framework, 
performance factors and inventory of soft metrics were developed for application within an 
applied project management environment and were integrated within a process for analysis 
and measurement of soft issues in projects. An overview of the resulting process itself may 
be found in section 6 of this thesis, which forms a methodological overview to the analysis of 
results from the validation case studies reported within section 7 of the thesis. 
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5.1 Development of applied HOP model for projects 
An important finding from undertaking iterative development of the conceptual models, 
outlined in section 4.2 of this thesis, was the high complexity In interactions between 'soft' 
factors Identified from research and their high Interdependency In Influence upon specific 
outcome factors. The broad scope of identifiable research-based human and organisational 
performance factors indicates the potentially broad range of soft issues that may be 
encountered in human work systems. The aim In development of an applied model was 
therefore to reduce this complexity to an intuitively plausible level that would enable the model 
to serve as a useful and practical explanatory tool for causal processes in applied project 
environments, without losing the descriptive capability of the model to represent what might 
prove to be highly idiosyncratic and context-specific performance processes in a particular 
application. An applied HOP modelling framework was therefore developed and deliberately 
specified at the level of a generic modelling framework, based upon a classificatory scheme 
for soft performance factors developed through conceptual modelling efforts. This framework 
could then be populated with specific performance factors and influences representing an 
'instantiation' of the model to describe performance processes within a specific context, 
resulting in benefits in terms of applicability and level of analysis achieved over more 
prescriptive models with limited, predefined factors and influences. 
Several development issues became apparent through attempts made to implement 
knowledge gained from the conceptual modelling exercises in an applied framework that was 
capable of being put into use in a project management context with conceivable benefits for 
existing performance analysis and control processes. The issues encountered in translating 
what had hitherto been largely conceptual research efforts into a practical too[ included 
ensuring that: 
The model addressed the appropriate functional level within the organisation: that of 
the project work group or management team. 
The model was structured towards describing the impact of soft factors upon 
contractually-related operational effectiveness criteria, representing 'bottom-line' 
performance outcomes associated with cost, quality and time dimensions. 
Human functioning and behavioural factors within the model adequately represented 
project management activities in the industrial context of application. 
Human and organisational variables defined within the model were appropriate for the 
systems engineering project environment of interest. 
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The sections that follow describe the key features of the developed HOP modelling framework 
for application in analysis of soft performance issues in operational industrial projects and the 
results of early analysis of performance processes using the framework within the industry 
context represented by CAP 1- 
5.1.1 Key features of the model 
Experience with the industry context of application shows that as operational performance 
within BAE SYSTEMS is largely a result of project-level functioning, it is appropriate to 
address performance factors at the level of, or which impact upon, the project management 
work group as the primary organisational unit responsible for operational performance 
outcomes. In this sense the HOP model needed to describe what were principally project 
work group or management team functional performance processes, with individual level and 
organisational level variables considered to the extent that they impacted upon work group 
functioning. Figure 5.1.1a below depicts the applied human and organisational performance 
model for the analysis of project work group performance and interpretation of resulting 
metrication data. Two earlier versions of the applied model are depicted in appendix F, 
illustrating refinement in factors and structure through intermediary stages of development. 
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Figure 5.1.1a: Applied Human and Organisational Performance (Hop) model 
for project management teams 
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The gap that exists within the current project management toolset Is for methods that enable 
the visualisation of relevant soft performance factors and Identification of appropriate metrics 
Indicators for upstream process factors that Impact upon operational performance during the 
execution of the project work plan. Accordingly, on a high level the model depicts a simple 
linear sequence of influence beginning with 'preconditions' In the project and working 
environment, which eventually impact upon operational project performance criteria relating to 
the interdependent quality, cost and time dimensions. In this sense, mapping specific causal 
chains in the model in the manner undertaken in conceptual research-based models 
illustrates how'hard' project management data relating to currently monitored project outcome 
variables can be practically understood in terms of the operation of 'softer, less visible human 
and organisational processes within the human work system. 
The structure employed within the model is designed to allow the direction of causal influence 
between specific performance factors to be represented according to any applied Instance of 
the model to represent a specific industrial project context. The broad modelling framework 
groups variables into three separate classes: Preconditions, behaviour and outcomes, in 
which 'preconditions' are directly related to what have been previously referred to as 
'contingency factors' in conceptual modelling efforts. The impetus behind this approach Is the 
need to not only measure key project parameters, but to trace their causal determinants back 
to the contextual conditions which influence 'soft' human functioning, through mapping the 
relationship of performance precondition factors (the 'enablers') to specific human work 
activities that represent human performance (or 'behaviour'). Outcome measures 
representing factors identified as dependent in these causal chains may then be analysed as 
indicators of the effectiveness of human functioning within the project and provide a 
retrospective input to performance control processes. Conversely, linked preconditions Within 
causal chains provide important proactive indicators that may be monitored and controlled, 
either during project planning or during execution of the project work plan, to support 
enhancement in human work performance. The key functional characteristics of the applied 
HOP model's framework are summarised in figure 5.1.1b below. 
Precondition factors within the model represent a broad cAass of contextual variables for 
human performance that encompass sociotechnical characteristics of the entire human and 
organisational system. Within this class, project preconditions including the type of project, 
characteristics of the project work group and features associated with the structure or 
organisation of project work are considered. The broader situational factors represented by 
the organisational context in which the project operates is also represented within the 
preconditions class, including variables associated with cultural factors, core competencies, IT 
support, authority and resource provision. 
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Figure 5.1.1b: Functional characteristics of the HOP modelling framework 
Within the preconditions class, factors at all levels of the organisational system are 
represented, including individual level factors referring to the characteristics of team members 
that comprise the project work group and broader organisational contextual influences. The 
preconditions therefore represent a holistic 'systems-level' perspective and measurement of 
the level of variables included within this class provides a static 'snapshot' view of the state of 
the system in which the project work group operates at any one point in time. The two 
primary classes of precondition factors within the HOP model are distinguished in terms of the 
practical issue of control. Project preconditions are amenable to control during pre- 
implementation planning phases and during performance reviews at intermediary stages of 
the project. Pervasive organisational preconditions are external to the project and not under 
the direct control of the project management team, yet must still be considered as potential 
performance factors that may interact with human functioning. 
The 'behaviour' class of performance factors within the HOP modelling framework represents 
actual human work activities and is critical to the framework's capability to address the 'soft' 
aspects of the functioning of work systems. Several generic human activities are included 
here based upon processes identified within the conceptual models, including human task 
performance and coordination, along with general human communications and decision- 
making processes. In specification of an applied model, however, it became apparent from 
experience within the industry context that more specific project management activities could 
be represented here in order to link outcomes and preconditions to definable management 
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processes undertaken in the project work group's operating environment. Consequently risk 
management, performance control, process improvement and change Integration activities, 
amongst others, are included within this class of the HOP model. 
Whereas precondition and outcome factors are static In the sense that their level may be 
measured at any one point in time to provide an assessment of the state of inputs and outputs 
associated with the work system, human performance activities are more dynamic and 
represent behaviour or functioning of the human elements of the work system. These 
activities therefore represent processes that occur In time and from a performance control 
perspective the effectiveness of work activities undertaken is determinable through proactive 
monitoring of precondition indicators that represent facilitatory/inhibitory influences in the 
working environment, or through retrospective measurement of the outcomes of work 
activities. 
As a representation of the 'soft system' that underpins human and organisational behaviour In 
the project, the applied HOP model also includes intermediary human outcomes of project 
activity. These outcomes represent the acquisition of human capital for the organisation and 
include knowledge, motivational and cultural development, which feeds back in to future 
human and organisational activities and represents the process of learning or development. 
From a human perspective, these outcomes are also the mechanisms through which formal 
performance criteria for the project are achieved and represent the challenge for 
contemporary performance monitoring and control systems that must address the intangible 
as well as material value of work processes. 
The performance factors specified within the HOP model framework form the basis for a set of 
soft metrics developed over the course of the research project and which were refined 
through in depth review of the human factors and project operations literature, as well as 
through case-based investigation of soft issues within the CAPI study and the associated 
industry context of application. The factors specified within the HOP model itself represent 
aggregated classes of potentially important soft performance factors. As such they represent 
groups of important sub-factors that are specified at a lower level of abstraction and which are 
omitted from the HOP model overview in figure 5.1.1a for the sake of simplification. 
Variables within the model may therefore be decomposed into sub-criteria representing a 
finer-grained analysis of human system characteristics and behaviour for the practical 
purpose of identification of specific traits and soft issues within operational projects. The 
detailed performance factors list that relates directly to the individual broad factors specified 
within the HOP model is depicted within figure 5.1.1c below. 
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Project Preconditions (P) 
P11 Project profile 
PIA Size 
P1.2 Type 
P1.3 Complexity 
PIA Scope 
p2 project work group characteristics 
P2.1 Group size 
P2.2 Collaborative history 
P2.3 Groupworking climate 
P2.4 Group morale 
P2.5 Groupworking processes 
P2.6 Group composition factors 
P2.6.1 Knowledgelskills/experience 
P2.6.2 Location 
P2.6.3 Functional origin 
P2.8.4 Motivation level 
P3 project work organisation characteristics 
P3.1 Role/responsibilities clarity 
P3.2 Workgroup autonomy 
P3.3 Task characteristics 
P3.3.1 Task interdependency 
P3.3.2 Task concurrency 
P3.3.3 Task feasibility 
P3.3.4 Task completeness 
P3.3.6 Task size 
P3.3.6 Task significance 
P3.3.7 Task complexity 
P3.3.8 Task variety 
P3.3.9 Inherent feedback 
P3.3.10 Inherent autonomy 
P3.4 Workload 
p3.5 Goal characteristics/performance objectives 
P3.5.1 Adequacy 
P3.5.2 Clarity 
P3.5.3 Attractiveness 
P3.5.4 Conflict 
P3.5.5 Feasibility 
P4 organisadonal context 
P4.1 Organisational culture 
P4.1.1 Trust 
P4.1.2 Collaborative culture 
P4.1.3 Performance expectations 
P4.1.4 Accountability 
P4.1.5 Support for change 
P4.1.6 Attitude towards innovation 
P4.1.7 Communication barriers 
P4.1.8 Functional barriers 
P4.1.9 Shared mental models 
P4.1.10 Social climate/suPPort for 
networking 
P4.1.11 Intergroup climate 
P4.2 Stakeholder characteristics 
P4.2-1 Availability 
P4.2.2 Issue involvement 
P4.2.3 Position/authority 
P4.2.4 Criticality 
P4.3 Core engineering/process knowledge 
P4.3.1 Formal policies/operating procedures 
P4.3.2 Established working methods/best 
practices 
P4.4 Staff development and training 
P4.5 Reward and recognition/performance appraisal 
P4.6 information technology adequacy 
P4.6.1 Support for collaborative work 
P4.6.2 Accessibility of information 
P4.6.3 Dissemination of knowledge 
P4.7 Resource provision 
P4.7.1 Budgetary 
P4.7.2 Temporal 
P4.7.3 Human 
P4.7.4 Technological 
P4.7.5 Informational 
P4,8 Organisatonal stucture/audxx4 
P4.8.1 HeirarchIcal distance/pro)dmity 
P4.8.2 Power distributon 
P4.8.3 EmpowermenUdevolvement of 
decision-maldng 
P4.8.4 Autonomy allocated to projed 
workgroup 
P4.8.5 Accessibilhy of senior sponsors 
P4.8.6 Formal strwWrs 
P4.8.7 Informal structure 
Human performance activities (A) 
Al Generic human work activities 
A1.1 Task performance 
A1.1.1 Productivfty 
A1.1.2 Human error 
A1.1.3 Innovation 
A1.2 Communication 
Al. 2.1 Stakeholder 
A1.2.2 Senior management 
A1.2.3 Intergrouprinterproject 
A1.2.4 Internal project 
A1.2.5 Knowledge dissemination 
A1.2.6 Networking 
A1.2.7 Reporting (written) 
A1.2.8 Collaborative working 
A1.3 Task coordination 
A1.3.1 Planning and scheduling 
A11.3.2 Integration 
A1.4 Decision processes 
A1.4.1 Situational appraisal/Problem 
definition 
A1.4.2 Analysis/Generation of 
alternatives 
A1.4.3 Solution formulation/Conflict 
resolution 
A1.4.4 Implementation 
A1.4.5 Evaluation 
A2 Project management activities 
A2.1 Risk/crisis management 
A2-1.1 Identfication 
A2.1.2 Mitigation 
A2.2 Perfbrmanoe control 
A2.2.1 Monitoring/tracking 
A2.2.2 Evaluation and feedback 
A2.2.3 Target setting 
A2-3 Motivation and leadership 
A2.4 Training and group development 
A2.5 Work process improvement 
A2.6 Change integration 
Human and organisational outcomes (H) 
HI Now knowledge 
1-11.1 Work processes/best practices 
1-11.2 Technical knowledge/capability 
1-11.3 Organisationall knoWedge/capability 
Hl .4 Individual KSA: s/Human capability 1-11.5 Now performance targets 
H2 Motivation and commitment 
H2.1 Jot>-satisfaction 
H2.2 Employee well-being 
H23 Absenteeism 
H2.4 Turnover 
H2.5 Work group viability/cohesion 
H3 Organisationall culture 
H3.1 Attitudes and beliefs 
H3.2 Evolving norms 
H3.3 Trust 
Project level outcomes (0) 
01 Project performance criterla 
01.1 Schedule performance 
01.2 Budget performance 
01.3 Product quality 
or anc Figure 5.1.1c: Expanded list of potential human and organisational pert, M0 
factors forpopulation of the HOP modelling framework aisted by code) 
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Each variable within the list in figure 5.1.1c is assigned a reference code that expresses the 
embedded sub level of analysis and can be used to identify the higher-level classes to which 
it belongs. The letter codes that precede these reference numbers correspond to the 
appropriate parent classes of variables within the HOP model: 'P' for preconditions, W for 
human performance activities, W for human and organisational outcomes and '0' for 
operational project performance criteria. These codes become an important reference In later 
sections of the thesis, as they link specific metrics and measurement methods detailed In the 
inventory of soft metrics (included within appendix H of this thesis) with specific performance 
factors within the HOP model. The codes are also employed within the analysis of the results 
of 'influence mapping' exercises undertaken in the validation case studies described in 
section 7. 
To summarise, the HOP modelling framework provides a means for applying human factors 
knowledge to the interpretation of variance in key project outcome parameters; linking project 
and organisational preconditions to performance results through human behaviour and 
general project management activities. The applied HOP model was developed as an 
integrating framework for the analysis of soft issues through population of the modelling 
framework with factors and interactions according to processes observed within an applied 
context. Through a process of mapping the relationship between key sociotechnical 
parameters, the HOP model provides an integrating framework for interpretation of 
measurement data to support the selection of appropriate 'upstream' performance indicators 
and explanation of variance in observed outcome parameters from a soft systems 
perspective. From a practical performance measurement systems perspective, identification 
of the conceptual links between various performance constructs that underlie a 'theory' of 
system functioning allows project control efforts to reason about the relative strengths of 
proposed performance indicators, the relevance of sub-metrics and whether they may 
possibly tap extraneous variation in addition to the construct of interest. 
5.1.2 Case-based population of modelling framework 
In development of the applied HOP model, an early version of the framework was applied in 
the CAPI case project to determine its utility and identify potential soft factors in the industrial 
systems engineering context at an intermediary stage of development. This section reports 
the results from an exercise undertaken in the context of the CAPI case study (reported in 
section 4.1 of this thesis) to populate the emerging HOP modelling framework with factors 
and interactions based upon the CAPI project environment. Two instances of the modelling 
framework will be presented here with example soft factors and causal processes identified 
from qualitative analysis of CAN interview data and materials. Where possible, objective 
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criteda and project parameters that were identified within the applied industrial context are 
linked to factors identified within each model, to provide a means of quantification. Potential 
measures identified within the CAP1 project environment fed into the development of a 
comprehensive set of soft metrics that is detailed in the following section of this thesis 
(section 5.2). The commentary describes performance processes observed in the CAP1 
scenario in more detail. 
The soft performance processes considered below centre around two critical elements of 
human functioning in the CAP1 scenario: human decision-making and stakeholder 
management or communications activities, the effectiveness of each being identified as key 
prerequisites for successful operational performance. Elaborated figures with links to 
potential metrics and supporting qualitative evidence from the CAP1 case study are included 
within appendix G of this thesis. Figure 5.1.2a below provides an overview of the key 
performance processes identified within the CAP1 scenario from interviews with project 
management personnel and qualitative analysis of relevant project documentation. 
A number of precondition variables that influence the effectiveness of stakeholder 
management activities within CAM were identified and are depicted within figure 5.1.2b 
below along with implicated outcome factors. PrOjeCt complexity and Project size are 
important factors that provide an indication of the level of stakeholder management activity 
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Figure 5.1.2a: Overview of key performance issues encountered in 
CAP1 project scenario 
that is required for successful performance. Various indicators exist for the quantification of 
product complexity in software systems engineering environments, yet from considering a 
human behavioural viewpoint, organisational complexity in the project was implicated as a key 
factor. The actual complexity inherent in the project organisation could be measured based 
upon, for example, number of individual customers with differing functional requirements or 
level of required authority that is located externally to the project management work group, 
within the CAP1 project environment. 
The level of stakeholder management activity required can be quantified at project onset by 
considering the number and dispersion of stakeholders per interest (level of stakeholders 
involved). Individual stakeholder roles can also be considered in order to provide a finer 
grained level of analysis and to prioritise targeted communications, for example: number of 
senior management sponsors, number of stakeholders responsibility for authorising project 
work units, number of stakeholders whose input is required for project-critical decisions and 
number of stakeholders who may be considered to be non-critical to project progress, yet who 
need to be kept informed. 
Continuous tracking of the state of stakeholder knowledge was identified as a means of 
monitoring the outcome or effectiveness of stakeholder management and communication 
activities during development. This factor was found to be an important pre-requisite for the 
rate at which input from key stakeholders could be sounded for prompt and timely decision- 
making. The necessity to take individuals through the release rationale before they could 
become more closely involved with the project was identified as a source of schedule delay, 
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Figure 5.1.2b: HOP model for stakeholder management effectiveness 
based upon CAP1 
especially where key stakeholders were busy working on other projects and were generally 
unavailable. With these aims in mind, the proportion of stakeholders informed as to current 
project requirements and issues (and also the release rationale in early phases) at any one 
point in time was Identified as a useful source of stakeholder communications effectiveness 
data. The application of 'product awareness' type Indicators that may be found In market 
research instruments was also identified as potentially useful here to assess the degree of 
awareness of project Issues and release rationale relating to CAP1 throughout the broader 
organisation. The proportion of authorised to unauthorlsed work currently undertaken within 
the project was identified as an indicator of the success of stakeholder management activities 
and the degree of availability of key senior management sponsors responsible for the 
authorisation of work. 
Figure 5.1.2b above also incorporates two soft outcomes of productive project working: trust 
and work group viability, in addition to the conventional project outcome parameters that may 
be tracked by established methods implemented in CAPI, such as the Earned Value 
Management (EVM) technique. Work group sustainability, as an outcome of shared work 
experience, was stated as an important determinant of repeatability for change projects. 
Objective measurement in the CAPI context was considered problematic, however, and 
would probably involve reliance upon subjective ratings and perceptions of 'work group 
cohesion' at project close. 
Regarding the measurement of trust, two specific dimensions were highlighted: trust in 
technology or systems and trust between organisational entities such as between integrated 
projects or dependent operational programmes that represented the application environment 
for the CAPI work product. Within the industrial context studied, trust in technology may be 
indicated by the number of query notes reported against items or number of risks raised 
related specifically to a product or sub-component. More indirect indicators must be found for 
the measurement of trust between organisational entities based upon social theory, which 
holds that trust develops through repeated experience of successful interaction between 
actors and is often a function of the anticipated requirement for future contact. Possible 
measures identified as applicable to CAPI therefore Include: number of previous 
successful/unsuccessful collaborations, number of future anticipated collaborations (for 
example: number of scheduled collaborative review meetings), level of information exchange 
and communication and other subjective ratings, such as the perceived reliability, integrity, 
communication openness and goal compatibility of a collaborating partner. 
Al'oure 5.1.2c below depicts the influence of a number of critical soft variables for decision- 
making effectiveness identified within the CAP1 scenario. In considering stakeholder 
availability a number of parameters associated with attendance at review meetings were 
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identified as appropdate for monitoring throughout development. These included: proportion 
of key stakeholders present at review meetings compared to specification within the 
stakeholder management plan, proportion of empowered to unempowered decision- makers, 
number of delegates and proportion of project interests represented. The level of 
empowerment was found to be an important factor for effective decision- making: 'delegates' 
may be unempowered and can't represent the customer project's position with the high 
degree of certainty and authority required to make immediate decisions upon CAP1 issues. 
It was commented that stakeholder attendance at project reviews in change projects is often 
dependent upon local project events. Critical project periods or dealing with crisis situations 
take priority and the need exists to anticipate these in advance. By using more proactive 
indicators based upon anticipating periods of high project activity and periods of criticality, 
limitations in stakeholder attendance and involvement may be accommodated. One such 
indicator was proposed based upon considering a work organisation measure associated with 
the integrated project schedule: number of critical project activity periods that clash with those 
of parallel projects. 
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Figure 5.1.2c: HOP model for decision-making effectiveness 
based upon CAPI 
In measuring the effectiveness of decision-making processes within the project environment, 
two key dimensions were identified as important: decision effectiveness relating to the quality 
of the decision made and decision timeliness relating to the efficiency with which the decision 
is made. Both factors are important for project success, impacting upon product qualities and 
adherence to schedule. It should be noted that certain negative effects of communications 
problems, such as the lack of availability of suitably empowered stakeholders may only be 
detectable within the time dimension of decision-making, and not be represented within actual 
effectiveness of the decision made. 
Other contextual constraints that acted to influence decision-making effectiveness are also 
depicted in figure 5.1.2c. These included: information adequacy (level and quality of 
information availability upon which to base a decision), level of stakeholder involvement, 
complexity (degree of certainty or confidence in the viability of a proposed solution), decision 
autonomy (level of decision-making autonomy possessed by the work group) and decision 
criticality (the predicted level of criticality of a decision to project success). Specifying exact 
criteria for these factors is difficult due to their idiosyncratic nature and would need to be 
established on a case-by-case basis. 
In summary, eady experience in application of an applied HOP modelling framework within 
the CAP1 case scenario showed that the modelling approach provided a feasible means of 
analysing influences that represent human and organisational performance processes in 
projects. Figure 5.1.2d below provides a summary of the case-based human and 
organisational performance variables identified within the CAP1 case study. These factors 
were used to refine a comprehensive list of potential performance factors for systems 
engineering projects derived from the soft metrics project literature review. 
Figure 5.1.2d: Key human and organisational performance factors identified in CAPI scenario 
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The HOP model offers a viable framework for relating multiple 'soft' project conditions to 
human performance and dependent operational outcomes. It therefore represents a systemic 
view of performance processes within human work systems. The proportion of key 
stakeholders that attend project phase review meetings may not have a large Impact upon 
eventual project outcome, but through mapping Influences within the modelling framework it 
may be Implemented as an Indicator of broader communication problems that In turn are likely 
to impact upon the effectiveness of key decisions and the provision of critical project 
resources by management sponsors; factors which In turn will affect achieved operational 
outcome criteria for the project. 
5.2 Development of applied metrics 
In operationalising conceptual performance factors and constructs for applied project 
management and control, efforts were undertaken to identify and develop a series of practical 
#soft metrics' from best practices in this area identified through the literature review and 
analysis of the need for such measures In the intended industry context. This section outlines 
general development of soft metrics within the research project. From review of literature 
relevant to the soft metrics research project, the term "metrics" may be considered 
synonymous with 'measures" and refers to a group of defined items against which data may 
be collected to quantify some variable or state at any one point in time. As opposed to simple 
measurement items, a practical project management metric may be considered to incorporate 
the necessary contextual information and measurement processes that define the scope and 
application of the measure for a specific purpose. 
The term Gmetrics" is commonly utilised in the project management domain to describe data 
items that are used to parameterise some aspect of the project for enhanced visibility, 
understanding and ultimately control, to support improvement in project performance. The 
measures used therefore translate variance in key project parameters (events, resources and 
system conditions) into numerical values. A key assumption and part of the definition of a 
metric Is that definable processes make this *snap-shoV measurement repeatable, allowing 
data to be tracked over time and compared with historical values to yield information 
regarding trends. The description of a metdc! s purpose and measurement process also 
allows it to be applied across instances; for example, comparison between data yielded from 
separate yet comparable projects, or so-called "benchmarking", in which data Is compared 
with ideal instances that represent high performance or industry standards. Review of 
existing measures and performance factors (reported In sections 3.5 and 3.3, respectively) 
highlights the need for a clear conceptual integrating framework that establishes cause and 
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effect relationships, especially where the performance factors embodied In the measure are 
, upstream' process factors that are indirectly associated with system outcomes. 
In order to track the development of the 'soft, measures toolset and associated approaches 
applicable to the systems engineering problem domain, a working document comprising an 
inventory of evolving measures and methods was established early on In the soft metrics 
project. This database comprised the measures collected from review of research and 
operations literature, tracked their subsequent development and adaptation where 
appropriate, and provided a useful database for the documentation of new measures that 
were developed In response to specific requirements identified during the course of the 
project. The structure of the metrics Inventory allowed each Individual metric to be 
documented, Including the performance factor in the HOP modelling framework with which it 
was linked, sub-factors and measurement scales, principal sources and references, and 
evaluative assessment of fitness for purpose. The metrics Inventory itself Is reproduced In 
appendix H of this thesis. Many of the measures identified through the literature review were 
subsequently adapted for application within a systems engineering project management 
environment and linked to key performance factors within the HOP model's list of potential 
performance factors. 
In total, approximately 60 individual metrics were compiled and developed during the course 
of the project and mapped onto key human and organisational performance factors. Each 
UKrMdual measure possessed varying numbers of sub-items against which specific values 
could be captured, making the total number of individual data items defined for application In 
performance monitoring and control of systems engineering projects well in excess of 100. 
-rhe general development process for specification of appropriate measures of human and 
organisational performance factors involved linking factors defined within the HOP modelling 
framework with appropriate (or adapted) existing measures that were considered applicable to 
the industry environment. Where new measures were required, the performance factor was 
broken down into sub-factors that in turn were linked to objective indicators based upon 
tangible parameters within the project operations environment, or were specified as data 
items against which values could be generated based upon expert judgement. To the extent 
that the development of measures involved decomposition of higher-level factors into lower- 
level sub-criteria, the resulting data items may be considered to represent individual 'facets' of 
bmader constructs. 
In terms of the descriptive, analytical and evaluative criteria with which each identified 
measure or approach was treated, several individual points were considered. To the extent 
that this analytical process considered potential measures identified from In-depth review of 
relevant literature from a human factors perspective, it may be considered to be an expert 
145 
evaluation of existing methods and practices for knowledge and content specifically relevant 
to an emerging 'soft metrics' domain. Regarding the refinement of new measures, the criteria 
considered here served as key analysis points for consideration In development processes 
and potential application of the metrics. The major points of analysis for evaluation of 
potential soft metrics; may be summarised as follows: 
Suitability for systems engineering domain: Applicability to a project-structured, 
systems engineering Industrial environment that employs work groups or IPTs as the 
dominant functional and accountable unit within the organisation. Where applicable 
assumptions made within the measures content and method regarding the presence of 
specific work activities and structures are considered. As the aim for the soft metrics 
research was to develop measures for systems engineering project management, several 
assumptions were made regarding the presence of existing measures, tools and 
techniques associated with conventional project management, as were Identified within 
the application domain using an industry-based scoping study (reported In section 4.1 of 
this thesis). For further background information the reader Is referred to Burke (2003), 
Slack (2001) and Blanchard (1990), all of which are standard texts on relevant project and 
engineedng operations management techniques. 
Links to key performance factors: Comprising analysis of the key performance factors 
directly quantified by the measures or to which the metric may be applied In order to 
support measurement of the variable in question. This point includes Implied links to 
presumed antecedent and dependent factors and details of how authors consider the 
measure adds value to work functions through its relevance to key performance criteria. 
Soft focus: The degree to which the metrics focus upon human and organisational 
factors in content. The measures were predominantly selected according to their 
relevance to human and organisational performance issues, but the degree to which each 
measure is applicable to human work activities as opposed to technical process 
parameters varies. 
Validity: The degree to which the measure may be considered adequate and sufficient in 
generating numerical values that represent the construct or performance factor that the 
measure is proposed to quantify. Consideration of this issue involves assessment of the 
degree to which the overall measure's content is comprehensive enough to tap variance 
in all known sub-factors associated with the construct (criterion sufficiency), using 
knowledge and perspective from the human sciences domain. Where the measure taps 
variance that may be considered superfluous or outlying the target construct 
(contamination), this will also be considered. 
Level of objectivity: Assessment of the level of objectivity inherent within the metric and 
measurement method, according to its reliance upon objectively indisputable parameters 
or subjective opinions, perceptions and individual-level expert knowledge. Objectivity Is 
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considered desirable In management metrics, but this does not always ensure validity of 
the measure for the target factor, especially In the case of human factors that may be 
subjective In nature. Often, Insisting upon objective cdteda means sacrificing direct 
measures for Indirect 'indicators' of experiential factors such as motivation or culture. the 
presence of which Is Indirectly indicated by quantifiable behaviours and preconditions, yet 
only directly assessed by sounding people's perceptions of the presence or level of these 
factors directly. 
Content and practicality of measurement method: Where obtainable, the specific data 
items within a measure are described, along with consideration of the adequacy and level 
of detail regarding the measurement and data compilation methods specified In literature 
accompanying the measures, including sub-items and scales where appropriate. Where 
possible, the implications for level of effort Involved and resulting feasibility of specific 
measurement methods is considered. In considering the measurement methods inherent 
in each metrics case, potential applications within the target Industrial domain are 
ouflined. 
In accordance with development issues Identified through consideration of the above CrIteda, 
the following subsections outline the key measures that were developed during the course of 
the project, their links to key human and organisational performance factors, the 
corresponding design rationale and need for development based upon industry findings and 
consider the envisaged use of each metric, in anticipation of subsequent application in 
specific industry case projects to validate the emerging soft metrics toolset. Where 
ccmsideration of content and fitness for purpose led to the adaptation of the measure In some 
way (e. g. removal, addition or rewording of specific items or changes to the measurement 
rnethods employed), these changes are outlined in the sub-sections that follow, where 
appropriate, along with the envisaged application and purpose of the measure. For a 
complete summary of all the metrics collected and developed for application within the HOP 
modelling framework, the reader is referred to appendix H the soft metrics inventory. The 
inventory outlines specific measures including sub-factors and scale items, their principle 
sources, and concise analysis of focus, level of objectivity and level of application within 
operations management. The Inventory metrics are also linked to key performance factors 
within the HOP modelling framework and are structured according to the sequence and factor 
reference numbers embodied in the performance factors list Included in rigure 5.1.1c that 
rnay be found in section 5.1.1 of the thesis. 
Metrics developed during the course of the soft metrics generally fall into one of several broad 
categories: communication measures, measures for project stakeholder analysis, indicators of 
trust and collaborative culture, measures of human workload, project task and role analytic 
measures, human capability assessment for project work, project work group characteristics 
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and measures of project complexity and scope. In the sections that follow, specific references 
are made to the relevant metrics' titles In the inventory Included In appendix H, along with the 
code for the soft performance factor with which the measure may be associated. 
5.2.1 Measures of project complexity and scope 
For the 'project uncertainty profile' measure (P1.3), the Indices from De Meyer's (2002) 
uncertainty scale, which specified progressive levels of project uncertainty ranging from 
IvariaUon' (low) to 'chaos' (high), were developed based upon De Meyer's discussion of the 
nature of uncertainty and implications for appropriate project management methods. In order 
to reduce variation in interpretation of the scale's Indices, further descriptive text was provided 
for each item, in order to provide more detailed profiling Information. General 
recommendations for project management and control techniques were also specified 
according to each level of uncertainty. In the elaborative text which accompanied each scale 
item, efforts were made to ensure that the content was applicable to a systems engineering 
R&D project environment, through the provision of examples and reference made to tools 
vach had been Identified within the soft metrics research scoping study as being mandatory 
control techniques within the applied industrial context. 
In order to aid managers in consideration of the potential performance influences of 
comple)dty and uncertainty levels within a particular project, specific performance factors 
vANn the HOP modelling framework were 
identified as likely to be dependent upon project 
uncertainty levels. A summary of the critical 
factors implicated and mechanisms of Influence 
are outlined below: 
Risk/crisis management: High uncertainty may result in an inability to plan effective 
mitigation strategies due to unforeseeable nature of potential problems arising during 
project execution. 
planning and scheduling: High uncertainty may result in an Inability to define 
necessary project tasks, identify critical tasks and predict accurate task dependencies 
and durations. This may mean that conventional task planning methods (e. g. project 
planning, project work breakdown structures and cdtical path methods) are more 
appropriate for lower uncertainty projects. 
Performance control: High uncertainty may result in instability in the project plan due 
to the necessity to redefine task definitions, schedules, budgets, roles/responsibilities 
and deliverables. Consequently it becomes more difficult to set accurate and 
achievable targets and to appraise performance against those targets where planned 
goals, methods and structures change. 
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In addition to the project uncertainty profile, two additional measures were proposed as 
indicators of the level of organisational complexity inherent within the project work 
environment: 'level of ongoing concurrent tasks' (131.3) and 'dependency of Integrated project 
schedules' (P1.3). Both measures were developed In response to critical performance Issues 
associated with organisational complexity identified within the soft metrics Industry scoping 
study and take advantage of existing planning and control techniques Identified as mandatory 
Wthin the applied domain. 
The number of tasks scheduled to run concurrently within the project work breakdown 
structure (WBS) over time Is proposed as an ongoing Indicator of project organisational 
complexity that influences required project management effort. This Indicator can be used to 
identify critical periods when project management resources are likely to be strained In their 
abifity to deal with Issues arising from a number of separate work packages being executed 
es, imultaneously and ensuing problems in coordinating the output from these activities. The 
basic rationale behind this measure is that high organisational complexity, as Indicated by 
peak task activity within the project plan, results in increased requirements for 
communications and coordination effort, increased likelihood of unanticipated Interactions 
between tasks (resulting in heightened risk-logging activities) and increased level of 
uncertainty in planned project parameters (i. e. these periods are likely to be critical to the 
accuracy of the projected project schedule, costs and resource utilisation plan, as well as 
achievement of the required functionality). The potential 
for 'process loss' due to Increased 
communication and coordination requirements as 
indicated by high level of concurrent tasks 
may be validated by monitoring the frequency of project management meetings and 
communications between project personnel. 
Dependent performance factors within the HOP 
modelling framework therefore include: communication activities and task coordination 
actMties- 
Data gathered against this metric can be represented as an X-t plot depicting number of 
concurrent tasks over time or by project phase. 
Peaks in the graph represent periods of high 
volume of activity as indicated 
by high frequency of concurrent tasks and Indicate predicted 
periods of high project management activity with associated 
implications for the level of 
communication and coordination activity necessary 
to ensure all task performance criteria are 
met without deviation from the planned 
budget or schedule. Data should be modified 
according to the level of interdependent tasks present at any point in the project task 
breakdown structure, as indicated by task interdependency indicators such as number of 
separate output workflows from an 
individual task within critical path network diagrams (e. g. 
Burke, 2003). In order to get an aggregate measure of overall project complexity based upon 
level of concurrent tasks, peak level for each phase in the projects development lifecycle can 
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be aggregated. This data Is then comparable against other projects that follow the same 
Efecycle sequence. 
A key finding from the metrics scoping study was that where two or more separate projects 
were Interdependent, Le. one feeds output Into the other as Is the case In tool and capability 
development projects, high organisational complexity can result from the requirement to 
logically coordinate tasks between the two project schedules. The level of Interdependency 
between parallel, ongoing project schedules was therefore proposed as a project complexity 
metric, based upon the presumption that where two Interdependent projects experience 
simultaneous periods of high and critical activity, organisational complexity results posing a 
risk to the Integrity of the project schedule. This complexity may manifest itself In the degree 
to which personnel are available to collaborate between projects, a decrease in schedule 
flexibility and may ultimately influence schedule performance for one or both projects. As an 
example: if a capability development project Is required to deliver its product Into an 
operational engineering project, schedules for deployment and testing for the capability 
project may be subject to when the engineering project can safely accommodate modification 
to fts systems as determined by its own schedule. Accordingly, the number of critical project 
acuvity periods that clash with those of related or dependent projects can be recorded at 
project planning or following alterations to the schedule as an indicator of likely organisational 
complexity issues. 
Experience with the industry case project studied during the scoping exercise Identified 
project scope issues as important performance determinants that affected the level of 
oManisational complexity and intensity of project management activity required within the 
project. The specific requirement inherent within capability development projects to develop 
tools and techniques for application within the organisation results In multiple 'internal' 
customers, each requiring discrete deployment, integration and testing phases for what may 
be individually customised work products. The necessity to engage in separate deployment 
or -roll-out, activities leads to increased concurrency of work tasks and critical schedule 
dependencies linked to performance processes within other, external projects and programs. 
The scope of technical objectives' (131.4) within the project requirements specification was 
therefore identified as valid indicators of these trends, including the number of separate 
e)dsbng systems (and sub-systems) that would be influenced by the project work effort, the 
number of discreet deployment activities to separate customers or organisational entities and 
the number of customer entities requiring variant solutions. 
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5.2.2 Project work group charactetistics 
'Project work group size' (132.1) was Identified as an Important potential performance variable 
from a human and social factors perspective. Various classes of project-relevant personnel 
were Identified to form a project work group breakdown against which an Indication of number 
of specific types of personnel could be measured. The various classes Included: the core 
project management team, the broader project work group and project stakeholders. 
Aithough a simple quantitative measure, several potential performance factors Influenced by 
group size were Identified, to assist project managers In analysis of soft Issues associated 
with this parameter. 
Communication: The size of project work group Influences effort required In 
communicating effectively between project personnel within the project as well as 
between the project and it's stakeholders. Work group size influences the amount of 
non-directly productive work that is involved in managing the project (i. e. larger groups 
require more coordination and effort in contacting members, communicating 
information, and are more susceptible to unavailability of members for project steering 
meetings at any one time. 
Task coordination: The size of the project workgroup influences the complexity 
involved and effort required to effectively coordinate task efforts and plan integration 
of task efforts between different project personnel. 
Decision processes: The number of individuals within the project management work 
group may influence the effectiveness of decision processes as larger groups are 
subject to various social factors, such as conformity effects (groupthinl(), and 
increased demands to satisfy differing perspectives in solutions formed to problems. 
Group-working climate: Group size can influence the extent to which project 
members experience a sense of 'team spirit' or close collaboration. Smaller teams 
tend to be closer with more interpersonal knowledge and informal communications 
shared between individuals, due to a smaller social group available for interaction. 
Based upon knowledge gained from the soft metrics literature review concerning the 
importance of informal working practices, interpersonal knowledge and shared mental models 
and values for work group effectiveness, a 'team collaborative history scale' (132.2) was 
developed to quantify the level to which an established group working environment may be 
present in a project. The team collaborative 
history scale indicates the extent of past 
collaborative experience for the personnel that comprise the current project's management 
tearn, and comprises four levels representing increasing indices of collaborative history and 
proven effectiveness in functioning. 
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An Important charactedstic of a project management team or work group Is the degree to 
which the working or collaborative climate Inherent within the group and Its environment 
supports effective functioning and high performance. In project management teams the 
, climate for decision-making' (132.3) may be regarded as of significant Importance, as 
decisions made by the group may Influence the success of the entire project. Accordingly, a 
group working climate measure was developed In order to quantify the degree to which 
individuals perceived the group-working climate as supportive and facilitative to effective 
decision-making processes. Sub items Incorporated In the measure refer to the groups 
technical and social environment, equality In discussion processes, communication of 
decision issues and style of decision-making. In addition, a measure that addresses the 
effectiveness of evolving group-working practices was developed, Incorporating measures 
indicating the extent to which effective Informal group-working practices have developed 
within the team and includes items relating to the groups approach to achieving its objectives, 
interactions, style of dsk management and degree to which 'process losses' occurred. 
5.2.3 Human capability assessment forproject work 
The adequacy of human knowledge relevant to the nature of the project work was Identified 
during the literature review and scoping study as a key factor for consideration when defining 
Ngh performance project work groups. The presence of specific task-relevant knowledge, 
Skflis and experience on the level of the individuals that comprise the project team is a key 
factor in ensuring the adequacy of group-level knowledge for successful execution of the 
whole project. During the course of the soft metrics research project, a number of measures 
and techniques, with varying levels of analysis, were developed or adapted from existing 
rnethods to quantify human capability in a systems engineering project environment. 
Based upon two measurement scales proposed in Nagy's (1999) Critical Task Method, a 
single measurement scale comprising ten incremental levels was refined as an Indicator of 
, project task-specific experience' (132.6.1). The task-specific experience metric Is a measure 
of the adequacy of the individual's current experience for performing a specified or planned 
task, as indicated by ratings of similarity between current task conditions or characteristics 
and those of previously completed tasks in the individual's work history. The metric Is 
therefore applied at the level of the individual within the project and may be productively 
applied during the project work allocation phase of project planning. The individual rates the 
similarity of current task conditions with those in his or her previous experience. This process 
is performed for each task. The metric is a subjective, self-reported measure of experience 
as the data actually represents the individual's recalled experience of encountering similar 
task characteristics In previous work history. A higher score indicates a higher degree of fit 
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between the task characteristics and the Individual's experience. The level of fit Is taken as 
an Indicator of likely reliability and success In task performance and can be used to Identify 
potential problem Issues arising from knowledge gaps during project planning and resource 
allocation phases, when tasks identified as critical may be supported through allocation of 
Ux: reased time or modified human resources. 
In an attempt to specify a more comprehensive and objective method of human capability 
assessment, a 'person-task fit Index! (P2.6.1) was developed as an approach which relied 
less upon subjective personal judgements through providing project managers with the 
opportunity to quantify the adequacy of Individual's knowledge against weighted, definable 
criteria representing desired skill areas within the project. Where objective data based upon 
certification and training experience is not available, more subjective judgements of 
knowledge adequacy must be relied upon. Asking individuals to consider the adequacy of 
their knowledge for a specific project work task is a valid activity, however, as data obtained 
represents the psychological reality of knowledge levels for those charged with executing 
specific tasks. In this sense, personnel's perceived opinions regarding knowledge adequacy 
for their project role are likely to influence task performance as are more objective, formal 
quarications. 
The method involved in assessing person-task fit involves recording ratings of knowledge 
adequacy against key skill areas for each project task or sub-task. The measure may be 
applied on any task level within the project work breakdown structure and may even be 
applied for skills possessed by the project management team for the entire project task. This 
measure will be useful in the analysis of problem issues associated with human capability for 
a project and may be used to identify critical tasks 
from a human systems perspective. In 
iorder to explain the 
developed method further, specific process steps are summarised In 
fl-aure 5.2.3a below. 
Step Identify and list general and specific skills or knowledge for optimal execution of the target 
task. it is recommended that this process be undertaken through group discussion In the 
project management team during project planning in order to ensure broad inclusion of all 
possible relevant skills implicated by a specific task. Alternatively, skill and knowiedge 
requirements can be standardised (for the general skills categories) to allow skills/knowledge 
Drofiles to be generated for each project task. 
Step 2 Rank skills in order of criticality to successful execution of the project task. These rankings will 
provide weightings for later analysis of skills/knowledge adequacy of individual personnel for 
performing the target task. The following ten-point 'level of criticality' scale may be used, 
anchored by* 
I- skill is minimally involved in successful task execution (task may still succeed if 
skill1knowledge is absent), 
I critical to successful task execution (task is likely to fai! if skill Is absent). 
te -p3 Rate candidate individuals against each skill/knowledge criteria identified for the task. This 
process can be based upon subjective self-report ratings In which individual's rate their own 
level of a particular skill/knowledge item on the following ten-point scale, or may employ 
objective training and certification data: 
I- Individual possesses this skill to a very limited degree, 
10 - Individual is highly proficient in this skill. 
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Stop 4 Calculate overall skill/knowledge adequacy factor for each Individual, by multiplying 
knowledge rating on a specific sidill/knowledge item by the criticality level associated with the 
Item, then summing the resulting scores across all ltems_for a specific task. 
Step 5 Compare results across individuals and across project work tasks and: a) re-allocate project 
work tasks according to knowledge adequacy of specific Individuals, or b) use data to Identify 
skills-critical tasks and implement appropriate training, modified human resource support for 
the task or modified time allowed for the task, as appropriate. 
Figure S. Z3a: Detailed process steps for human capability assessment 
of person-task fit 
A, n example of the type of output from analysis of task-knowledge adequacy is Indicated 
below in f1gure 5.23b. The table represents the analysis of a single hypothetical task ffask 
4.2') within the project work breakdown structure and Incorporates the Identified knowledge 
areas that specifically apply to that task. In the example, generic categories of knowledge 
areas are used to indicate the areas which could be Included - In a real application, these 
categories would comprise detailed sub-items specific to the task and would therefore provide 
a rnore fine-grained level of analysis. The table also depicts the relative criticality rating of 
each skill for optimal task performance and the individual competency ratings against each 
knovdedge item. In this case competency ratings made by three potential candidates 
(individuals A. B and C) for ownership of the project task are compared on the same table. 
Task 4.2 
k knowled e/skills T Criticality 
Individ I competency rating g as 
Items rating Individual Individual Individu A B C 
Tedrical skills item 4 6 6 9 
Teamworking ability item 1 7 8 10 
project management 2 4 7 9 
skills item 
Problem analysis and 8 1 10 5 
Mgement Rem 
_ Planning and 10 2 9 6 
nanisabonal skills Rem 
.. Communication skills 2 9 4 3 
item 
Organisational 3 7 5 a 
knowledge Item 
Relevant experience 2 8 2 9 
item 
Domain knowledge itern 5 7 
-8 
3 
Method/tooli'process 7 3 9 7 
knowledoe item 
Formal 4 2 8 4 
trainingicertificaton 
requkements item . _ Task knowledge 179 378---1 292 
adequacy score 
Figure 5.2.3b: Example output from assessment of task-knowledge adequacy 
Examples of two possible applications for the data based upon this example include analysis 
of task allocation effectiveness during project resource planning and identification of risks 
associated with knowledge-critical tasks within the project work plan. In the comparison, 
individual C is found to be most suitable for task 4.2, as the individual possesses the highest 
task-specific knowledge adequacy score, indicating that the individual Is highly competent in 
154 
the knowledge areas that are most Important for successful execution of the task. Individual 
A has high competencies in some knowledge areas, but crucially only In those that are likely 
to have a marginal Influence on task performance and not those that are critical to the 
successful performance of the task. Individual C achieves a moderate score somewhere 
between the other two hypothetical employees. 
Where task mappings onto human resources are fixed, tasks can be compared on the basis 
of the person-task fit index to provide an indicator of which tasks In a project are likely to be 
criUcal due to excessive or un-satisfied knowledge requirements. The Person-task fit index 
therefore represents the degree to which the Individual's knowledge and skills match the 
requirements of the task and can be calculated as the percentage of competency attainment 
achieved against maximum possible competency rating. Low results then Indicate potential 
problem tasks that may overrun, experience technical difficulties or achieve low quality output. 
For the example above, the person-task fit index scores for Individuals A, B and C are 37%, 
79% and 61% respectively. If individual A owned task 4.2 within the human resource 
alIocation plan and all other person-task fit index scores for other tasks within the plan were 
high, then this would identify task 4.2 for prioritisation of support and monitoring activities. 
Accordingly, task 4.2 is therefore likely to be more resource-intensive, require more time, 
require specific training be undertaken, require more support and result In higher 
vioridoad/stress for individuals charged with executing the task due to the Increased 
challenge. In this way, the data collected may be used to modify critical path-based estimates 
during project planning and scheduling. This process should allow the project management 
team to identify which tasks are most likely to consume project resources and project 
management effort due to human-related factors such as task feasibility, task complexity and 
workload issues. 
5.2.4 Project task and role-analytic measures 
Elased upon factors specified within Hackman and Oldham's (1974) Job Diagnostic Survey, 
several measurement items were adapted to apply 
to a systems engineering project work 
environment, through refinement of specific measurement 
items and scales to apply to project 
work tasks and work roles. The 
key performance factors Identified for this treatment included: 
Task completeness (P3.3.4): referring to the degree to which the role Involves the 
completion of a whole and identifiable piece of work with dear onset, cessation and 
success conditions. Sometimes referred to as 'task Identity. 
Task significance (P3.3.6): whether the project role Is perceived as having an Impact 
upon others and their lives within the organisation or broader society. 
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" Task variety (P3.3.8): assesses the degree to which the Individual has the 
opportunity to apply a variety of skills and knowledge in the project role and whether 
that role Involves a variety of tasks, Le. Is non-repetitive. 
" Task-inherent feedback (P3.3.9): the extent to which the task Intrinsically provides 
Information regarding the effectiveness of performance efforts. 
" Task-Inherent autonomy (P3.3.10): the degree of discretion a project role possesses 
for exercising control over personal work processes and outcome. 
There are two specific applications for task analytic measures relevant to the area of Soft 
metrics, for project performance control. The measures can be Implemented when project 
performance anomalies are observed as a means of Identifying if motivational or other soft 
factors associated with task characteristics are causing deficiencies In performance and 
prcWuctivity within the project. The other potential application Is as an analysis or 
fequirements specification during project planning phases In which the project workload Is 
distributed, to ensure there are no un-workable role specifications from a human factors 
perspective. 
In terms of possible links to other performance factors, the performance variable 'task 
-significance' Is conceptually related to task and objective clarity and influences motivation 
through task-determined characteristics such as the degree of inherent performance feedback 
O. e. tasks with clear onset, cessation and success conditions are likely to provide clearer and 
more timely performance feedback allowing Individuals the opportunity for personal 
learning/development and satisfaction through closurelachievement). Task significance or 
level of criticality to the project is also a contributing factor to workload/stress: the higher the 
criticality of a project work task to overall project success, the higher the pressure for 
successful performance. It is important to note 
here that in this instance subjective self-report 
items are essential, as the critical factor is perceived pressure experienced by the individual. 
The task significance measure also includes items that refer to the visibility of the individual's 
contribution to the overall project. The performance 
feedback variable holds close conceptual 
Iinks with the degree of uncertainty of outcome in task performance. Uncertainty along with 
comple)* and clarity in task conditions may 
be considered to be a stressor In workload 
considerations. Feedback should not only 
be present but also timely and constructive if the 
individual is to perform optimally and learn from past experiences. 
The measurement items specified quantify individual's subjective perceptions of project task 
aM other roletwork characteristics. 
There exists a convincing argument that objectively 
testable data aside, from a human performance perspective it Is only the Individual's 
subjective experience of work characteristics that 
Influences performance and as such 
measurement of these perceptions is not only valid 
but also desirable. The project role and 
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task analytic measures requires Instructions to respondents to define the project role under 
consideration, as the aim Is not to measure global job characteristics but to assess the 
efficacy of job and task design within a specific project role or relevant to the characteristics of 
a specific project work task. This defines the range of applicability of the measure In order 
that data collected can be applied to predict performance In the project under consideration. 
it also allows measurement data to be applied In the evaluation of current project work 
breakdown structures and associated role designs. 
5.2.5 Measurement of human workload 
Following discussion of workload Issues In operational systems engineering projects with 
project personnel, a simple equation for measurement of expected workload (P3.4) was 
specified: work time available divided by expectedlideal time required. Resulting values 
t>elaw I Indicate workload-critical tasks, the smaller the value the higher the experienced 
workload. Values above I represent acceptable workload levels or even Inefficient allocation 
of human resources for scheduled project work tasks. The Indicator may be applied at the 
level of the individual, or by aggregating man-hours onto the project work group level and 
calculating required man-hours for the project work task. The critical component of the 
measure is the identified time required for tasks, which should consider the technical 
requirements of the task itself in the context of the capability of the people responsible for 
executing the task. This latter factor will be variable depending upon task-specific knowledge, 
skills and motivation, which accounts for the human factor in workload-related performance 
issues. The measure itself may be regarded as a robust, objective Indicator of likely 
workload, providing the required time for tasks can be clearty established. The measure may 
therefore be usefully applied at project resource planning phases. Afthough effective project 
scheduling and resource planning at project onset should control for high workload situations 
arising. where the project plan changes during periods of unexpected variation in project 
conditions, the result might be work overload if the schedule Is not flexible enough to 
accommodate. Workload assessment may therefore be effective in change management 
situabons. 
In terms of the influences of the workload variable on other performance factors identified 
through experience with applied systems engineering projects, task feasibility Is Implicated, as 
tasks that introduce high workload to an Individual or work group may be regarded as less 
feasible. Cost, quality and time outcomes are influenced through either more resources being 
agocated to high workload projects to achieve them within specified schedule and quality 
parameters, or quality of the work task product is compromised to cope with the unworkable 
schedule constraints that result from high workload. The level of workload experienced by an 
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Individual Is also partly dependent upon their level of competency In the skill and knowledge 
requirements for successful execution of the task. Challenging tasks, relative to the 
Individual, result In higher experienced workload as the Individual will, In addition to 
performing the technical requirements of the task, be expected to acquire new skills and 
knowledge, or seek support during execution of the task. 
5.2.6 Indicators of trust and collaborative culture 
Various indicators of trust were developed that were based upon conclusions from social 
theory that Indicates increased trust Is dependent upon history of previous positive 
experiences. Trust develops over time as a result of experience, Interaction and collaborative 
functioning between projects, individuals and organisational entities. It Is also an Important 
pre-requisite for effective progress In instances where there Is a lack of effectiveness or 
degree of uncertainty in formal work systems, as highlighted by findings from the soft metrics 
scoping study. Regarding the measurement of trust (134.1.1), two specific dimensions were 
considered In development efforts: 'trust in technology' or systems and 'trust between 
organisational entities', such as may be present in parallel, integrated projects. The Indicators 
of trust between organisational entities comprise various subjective and objective criteria, 
associated with factors such as level of previous successful collaborative experience between 
partners and perceptions of reliability and integrity. Trust in technology Is inferred from 
objective data gathered from project query logging and risk management processes. 
issues Identified within operational systems engineering projects concerning cultural 
compatibility between project and customer or sponsor organisations, led to the development 
of several measurement items against which indicators of the presence of an effective 
collaborative culture could be quantified. Separate sets of measures were developed to 
address both internal collaborative culture within the project and external collaborative culture 
vAthin the project's broader organisational setting. 
In accordance with Kaplan and Norton's 
(1996a) conclusions, the extent to which team-working practices were valued In the project's 
broader organisational environment was taken as the dominant predictor of the presence of a 
, collaborative culture' in the organisation. 
7 Communication measures 
Despite a lack of practically applicable project management metrics to test communication 
effectiveness (A1.2), 'communication problems' are often blamed for performance 
deficiencies, without supporting data. In order to develop a measure that Incorporated sub- 
c9mensions, of communication relevant to a systems engineering project context, several 
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hems from the Penley and Hawkins measure (2000) were adapted and complemented with 
additional items to measure'intemal project communication'. 
The measure offered by Penley and Hawkins taps only aspects of the dimensions proposed 
to account for the 'communication' performance variable in a project management 
environment. 'Task communication' measures resemble Prices (1997) 'Instrumental' 
communication dimension, and 'expressive' communication Is partly represented by aspects 
of 'personal' communication. There is doubt as to the Importance of career communication as 
a sub-measure of overall communication and 'communication responsiveness' relates to 
vertical communication but horizontal communication Is not represented as the focus Is upon 
supervisor-subordinate communication. The 'supervisor' role In an engineering project 
management context would also require further definition. In response to these concerns a 
measure to quantify effectiveness of peer-to-peer communication In a project work group 
environment was developed to test peer-peer communication In the capability/engineering 
project context, as a response to the flatter structured, more autonomous roles that exist In a 
development environment. A new 'process loss' dimension was added to the measure, to 
quantify the degree to which project personnel feel that non-productive communication takes 
place during project operations. 
5.2.8 Measures for project stakeholder analysis 
project stakeholders, especially customers, were found to be important to the success of 
systems engineering projects that employ 
intensive cross-functional collaboration and seek to 
satisfy multiple criteda from varying 
independent perspectives. Stakeholders are therefore 
required to be involved in the project 
throughout all stages of its lifecycJe and their availability 
a, nd relevance (134.2) form key performance 
factors that may influence project success. 
In considering stakeholder availability a number of parameters associated with attendance at 
review meetings were identified as suitable 
indicators to be monitored throughout 
development in order to quantify stakeholder availability. The level of empowerment of 
available project stakeholders was also found to 
be an important performance determinant in 
the operational system engineering project environments studied. This factor had a critical 
Wuence upon the effectiveness of decision-making processes: 'delegates' may be un- 
empowered and can't represent the customer project's position with the high degree of 
certainty and authority required to make 
Immediate decisions. Stakeholder attendance at 
project reviews in change projects was 
found to be dependent upon local project events. 
Cýritical project periods or dealing with crisis situations in a stakeholder's own project often 
took pdodty over responsibilities to other projects and the need therefore exists to anticipate 
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de, cision-Intensive events and track the availability of stakeholders over the project's course. 
[3y using more proactive Indicators based upon anticipating periods of high project activity and 
Periods of criticality, limitations In stakeholder attendance and Involvement may be 
accommodated. Schedule performance outcomes are therefore Implicated as dependent 
factors for stakeholder characteristics as project work may be delayed In response to 
unavailability of suitable personnel to authorise activities, release budgets or contribute key 
kncrMedge to development work. 
The degree to which stakeholder's interests are synonymous with Issues within the project 
was identified as another key factor in consideration of stakeholder Issues related to project 
performance. This factor represents political processes that may occur where separate 
projects run in parallel yet are expected to collaborate or integrate to a degree. Stakeholders 
may have a detrimental effect upon the current project due to circumstances within their own 
project. An example would be where deployment schedules are compromised due to critical 
periods or overruns within the customer project. This issue Is associated with trust and goal 
compatibility. The perceived quality of stakeholders In terms of whether or not they satisfy 
targeted project-relevant knowledge areas is an important factor when assessing the Impact 
of stakeholders on product quality. The percentage coverage of key knowledge areas In the 
stakeholder group identified within the stakeholder management plan was therefore specified 
as a valid measure. 
Achieving the alignment of stakeholder values and knowledge with the scope, objectives and 
methods employed within the project was also identified as a key concern, together with the 
power of specific stakeholders to have a facilitative or inhibitory effect upon the course of 
project work. More objective criteria for assessing stakeholder characteristics may be based 
upon the stakeholder management plan and communications network diagrams for the 
project. The number and type of information flows may be used as an indicator of how 
stakeholder-intensive the project is, representing communicative comple)dty. 
5.2.9 Measures for support of human decision processes 
Experience in a systems engineering project management environment revealed the 
complexity of issues that were subject to the decision-making process, both in terms of 
practIcal project management Issues and technical systems development Issues. Decisions 
in a collaborative engineering environment are characterised by human processes 
representing multiple perspectives and interests that result in multiple success criteria and 
complex trade-offs between opposing design variables. 
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In order to support decision-making processes in project efforts involving complex systems a 
number of criteria were Identified for measurement, associated with both the type of decision 
(A1.4.1) and the human communication processes that form the context for decision-making 
(AIIA). The measurement criteria and data items developed focused upon factors such as 
the boundedlunbounded nature of the decision Issue, complexity of the problem as a result of 
systemic issues, criticality to project success, stakeholder involvement requirements, diversity 
in interests represented by the decision issue and quantity and quality of relevant Information 
available, amongst others. 
it is Impossible to Identify specific decision success criteria In general measures to support 
decýision-making processes Without anticipating a specific scenario or events that Would limit 
the scope of applicability of the measure. Examples of criteria for evaluation of specific 
decision issues, such as the allocation of functions between humans and machines In the 
design process, are already available (e. g. Grote et al, 1995; 2000). Accordingly, efforts were 
made to ensure the criteria specified were as non-context specific as possible, and the 
measures rely upon subjective judgement of complex factors rather than objective 
parameters. This approach is appropriate as human decision making processes are 
Characterised by human judgement and experiences, With evaluation of success In outcomes 
determined according to perspectives, which may be more or less divergent depending upon 
the range of interests and people affected by the decision. 
5.3 An integrated soft metrics tool and application process 
Having considered the development of an applied HOP model, potential soft performance 
factors and metrics in the preceding sections of this thesis, this current section addresses how 
these components were integrated into a cohesive tool for analysis and measurement of soft 
issues in operational systems engineering projects. This was largely achieved through the 
specification of a detailed application and validation process for implementing the approach 
Outlined in this thesis within several operational project case studies. The exact details and 
method of this application process and the results gained from Implementation in the case 
studies are reported in the subsequent sections of this thesis (sections 6 and 7, respectively). 
The current section is therefore confined to consideration of how the various aspects of the 
emerging tool are integrated and 
how the HOP modelling framework may be logically 
populated by project management teams to represent soft performance processes within a 
, specific applied context. 
This latter concern is important as it forms the basis of the whole 
approach and allows appropriate soft metrics to 
be selected and applied to quantify key 
parameters within the causal chains identified within the model. 
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Figure 5.3a below depicts the breakdown of the emerging applied metrics tool into its 
interrelated components. The HOP modelling framework provides a structured framework 
within which specific performance factors and sub-factors can be used to populate causal 
sequences of influence representing the links between work system conditions and human 
functioning upon operational performance attainment. 
I Structured framework for 2. Expanded list of potential 3. Detailed database of specific soft 
representation of soft performance factors with sub- metncs and measurement methods 
performance processes factors linked to ....... 
using 
lvpý Process for analysis of soft performance Issues and 
selection of appropriate metrics in operational 
projects 
Figure 5.3a: Relationship between components within the integrated soft metrics tool 
in order to provide a broad enough scope of coverage and applicability to a range of soft 
issues that may be encountered in differing operating environments, the general factors VAthin 
the HOP model may be expanded into detailed sub-factors, derived from applied human 
sciences research, using a comprehensive 
list of potential performance factors. Upon the 
basis of strength of influences identified between implicated project preconditions and general 
aspects of human functioning, critical 
factors may be identified for proactive monitoring 
through the application of specific metrics and measures in the project work environment, 
These are identified within the metrics inventory and grouped according to specific factors 
within the model. 
In development of the applied HOP model it was envisaged that the capability to specify the 
interactions between variables within the model was critical to the delivery of soft performance 
management capabilities in project analysis and control processes. Figure 5.3b below 
depicts the key logic inherent within the structure of the model that will allow project work 
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Integrated soft metrics tool and approach 
HOP Model Performance sub- Soft Metrics Inventory 
groups to reason about soft causal processes in their operating environments. Creating a 
'causal chain' of performance factors allows desirable project outcomes, such as the ability to 
deliver the required product functionality within cost and time constraints, to be traced back to 
preconditions inherent in the work system that are known to impact upon human performance. 
This implies a backwards-chaining process from achieved or desirable project outcomes, 
through the HOP model to root precondition factors. 
1. What characteristics of the 
Project Preconditions project and organisational Project Outcomes 
Frooct type Proiect Performence critwia 
propd wor% group choracteristics 
+0 
environment influence our Cost obOwlivais 
proige vAwk orgarisallon chersderistics abi Ii ty to achieve key Quelity Ihj Mv*8 
Lo,,!!! ýnslcwýtext Schedule objecOves performance objectives" 
Project Preconditions 
Proled twe 
prood woft group chermeWisfics 
projea vmr* organisation choractadstics 
Oqpw4woonal cartext 
How do these Project Outcomes 
preconditions influence P"*Od peflo"nence CrItwis 
our abilitv to 
=41 - CostobodNes 
I- Quality objectives 
deliver. Sd *"a Objectives 
Human behaviour/ 
work activities 
Figure 5.3b: 'Backwards'and 'tbrwards'reasoning within the HOP mcWeiling framgwclr* 
Through tracing a specific path of influence back through the model from outcome variables, 
project management will be able to retrospectively analyse instances of project work to 
diagnose problem conditions involving soft issues. Conversely, by tracing influence forwards 
t1vough the model, project management will be able to proactively reason about project 
conditions with a view towards achieving specific outcome objectives or remediating negative 
or undesirable conditions that may become apparent at project planning or onset phases. 
The framework therefore allows project managers to reason about whether or not a project 
vAII deliver within cost, quality and time constraints, 
based upon a human and organisational 
systems perspective that factors-in human functioning in the assessment of conditions for 
optimal project performance. 
Having established an applied human and organisational performance model and 
corresponding metrics, research efforts moved on to development of a practical application 
process with supporting measures to implement the concepts developed within this work in an 
applied project environment and evaluate the results from doing so. Within the application 
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process, the practical issues discussed above fed into refinement of an 'influence mapping 
exercise' In which the HOP modelling framework could be populated with factors specific to 
an applied project case. Further details of the application and validation process employed 
within the soft metdcs research project are outlined in section 6 of this thesis, which follows. 
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Section 6 
DEVELOPMENT OF APPLICATION AND 
VALIDATION PROCESS 
This section outlines the process employed for validation of the current metrics set and 
integrating model through case-based analysis of operational projects. To the extent that the 
validation process involved implementing the soft metrics approach outlined In this thesis, it 
also represents development of a prototype application process for analysis of soft Issues In 
operational projects. As stated in section 2.1 it should be noted here that the broad term 
&validation", as employed to describe the evaluation of the soft metrics work, answers an 
industrial concern to assess the extent to which the capability developed by the research 
effort is applicable and hence "valid" within the context of the sponsoring organisation's 
operations. When the soft metrics, project entered its validation phase, development work on 
the HOP model, its performance factors and metrics set ceased In order to provide a stable 
version that could be repeatedly applied in a series of case studies, allowing data across 
separate cases to be combined effectively. For the sake of simplicity, these components of 
the metrics; framework were referred to in the validation studies and method outlined to 
parficipants collectively as the 'soft metrics tool'. 
The actual case studies involved taking project personnel through an analysis of 
potenflaVexisting soft issues within their project in order to familiadse participants with the 
features of the emerging soft metrics tool, its proposed manner of application, envisaged 
benefits and to generate data using specific case project scenarios against soft metrics In 
order to assess their utility and feasibility. It also included evaluative items for both the model 
and metrics to assess the usability, feasibility and effectiveness of the developing tool. As an 
exercise that incorporated a proposed sequence of activities that would allow project 
management teams to utilise the modelling framework and metrics set, the validation process 
may be considered to be user-centred in content. 
In order to assess the utility and usability of the individual measures that comprise the soft 
metrics tool. set evaluative questions were employed in the project case-studies. These 
questions employed both quantitative 
items and qualitative items as well as specific items 
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designed to rank variables in terms of criticality or weight of Influence. The Items comprised 
various response methods including semantic differential scales, Likert-type scales and 
dichotomous 'yes/no' questions. An influence mapping exercise was also Included in the 
process to assess feasibility and usefulness of the HOP model. Throughout the exercise, 
participant's rationale for making specific responses was elicited and recorded by the 
researcher who acted as group facilitator for the exercise. 
6.1 Purpose and aims 
The validation process undertaken as part of the soft metrics research effort serves two broad 
purposes: 1) to satisfy Industrial requirements placed upon the soft metrics project to 
demonstrate utility and feasibility of the emerging soft metrics tool, and 2) to Increase 
knaMedge regarding practical application of the HOP modelling framework and associated 
soft metrics to inform future research and development. The specific aims of the validation 
process are discussed below. 
In terms of the specific aims of the validation exercise, the principal aim was to apply the 
modelling framework and metrics in specific case project scenarios to generate example 
output and evaluative data. The evaluation exercise was designed to allow a case project to 
undergo a detailed analysis of the impact of human and organisational factors upon its 
performance and overall outcome, and where possible to employ appropriate soft metrics to 
quanfify critical factors. This was achieved through using the performance factors provided 
within the model and its overall framework to identify structured causal chains of factors that 
describe the sequence, direction and extent of influence of specific project preconditions on 
human activity and overall performance. Based upon perceived criticality, appropriate soft 
rnetrics were selected from a database of compiled candidate measures, applied to the 
specific case scenario, and then rated in terms of efficacy and utility. 
From the research and development perspective, the evaluative aims centred upon informing 
the development of the HOP modelling framework. The validation Process was designed to 
eficit information regarding the feasibility of the general modelling approach and framework, 
the efficacy of the proposed method to elicit, analyse and describe soft issues in the case 
project and the comprehensiveness and applicability of the performance factors definitions 
that accompany the model for specific operational project environments. The principal 
rationale from the research and development perspective for undertaking these activities was 
to ensure that the modelling framework and associated metrics set was comprehensive 
enough to be useful in a range of projects, whilst not too broad in scope as to be unwieldy or 
impractical for use by project management personnel. 
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The soft metrics tool including the applied human and organisational performance model, as 
outlined in section 5.1.1 of this thesis, was implemented in the validation process to address 
important performance process issues for each case project studied. Figure 6.1a below 
outlines important questions that application of the HOP model would allow each case project 
to address; relating specifically to analysis of human and organisational performance 
processes. For the purposes of simplifying the level of potential interactions within the model 
during the validation studies, both human and operational outcomes are condensed into one 
cAass of variables representing overall outcomes from project functioning. 
What are the existing What aspects of What are the target 
characteristics & resources human performance outcomes of project 
for the project and project are critical? activities? 
environment" 
How do these system How does variance in I 
properties influence human performance 
human performance? influence project success. ) 
......................... ........................................ I .......... ................. I ................................. 
Project Project Preconditions Human 
P Outcomes erformance prood profile 
Project voock group 
dwrw1wistics 
projsa vork organisation 
Ctwactwisfts 
organisational context 
v quo I ul II lcall%oqu II 
Generic human work activities 
Specific project management 
activities 
BASIC HOP MODEL FRAMEWORK 
................... Figure 6. la: Key points of analysis in application of the 
HOP modelling framework 
The structure of the validation process and content of the validation instrument aim to address 
the key questions stated in the figure above, and in So doing populate the modelling 
framework with factors specific to the case project scenario and specify the critical paths of 
influence between the resulting variables within the model. The aim in the development of the 
validation exercise was that after performing the process, the project management team 
would have populated the generic model through a process which: 1) identified key project 
outcomes or success criteria that were influenced by human and organisational factors, 2) 
specified which areas of general human performance in the organisational setting were critical 
to achieving these outcomes, and 3) analysed the project environment and preconditions for 
factors which influenced these critical aspects of human functioning. The project 
management team would also have had the opportunity to consider and map the influences 
ect performance crh" 
knov4edge 
vatlion AL commitment 
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b, etween the three categories of variables specified in the modelling framework within the 
guidelines of a structured and supported process that Imposed a logical sequence to the 
routing of causal chains through the model to desired outcomes. This process therefore 
considers how existing or future project conditions may Impact upon human performance 
within the project organisation and what the Implications of those effects might be on specific 
outcome criteria. 
6.2 Individual and group level data collection 
The validation process was designed to elicit expert knowledge from experienced project 
personnel currently engaged in operational projects. To this end, the process employed a 
group-based discussion format utilising established project management teams. During the 
validation process, participants were asked to respond to the sections of the evaluation 
instrument both individually and collaboratively. These two response methods were 
employed in order to elicit as much in-depth Information and relevant knowledge as possible. 
The Initial two sections of the validation exercise, sections A and B, and aspects of section C 
required the project management teams to give consensual responses, whereas the 
remaining sections were administered first as individual response items and then opened to 
group discussion. 
Individual responses made on standardised response sheets that were distributed during the 
exercise allowed data to be collected representing personal perspectives that could then be 
aggregated or combined based upon arithmetic averaging. Asking participants to qualify 
individual responses on their response sheets also elicited a wealth of qualitative data, In the 
form of comments and feedback. In addition to the individual responses, certain sections of 
the validation process were designed to capture group responses and evoke discussion within 
the group. Single scores representing the group's opinion were therefore recorded against 
tne evaluative items based upon group consensus following debate on the Issues raised by 
Me facilitator in the introductory and explanatory preamble to each relevant section. 
For the individual response sections, once participants had had the opportunity to consider 
and respond to the items on their response sheets, the Issues raised were opened for group 
&Scussion in order to share views and provide an opportunity to gain further Insight Into 
participants rationale for their considered responses. During this process, no personal 
responses were disclosed, however. Afthough it is acknowledged that the possibility of 
conformity effects and acquiescence to social majority in group-response situations may have 
been present, the opportunity to capture qualitative data derived from open discussions was 
considered paramount to the depth of evaluation, and the Inclusion of Individual response 
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hems negates any methodological drawbacks Inherent In focus-group based workshops of 
this type. The group-based format also allowed the researcher to give a concjse introduction 
and overview of the validation exercise, ensuring that participants understood the purpose 
and content of the activities and removed the necessity for lengthy, standardised written 
instructions. 
For the purpose of capturing as much In-depth qualitative Information as possible from the 
exercise, a semi-structured discussion process was employed, based upon the structure and 
sequence of sections in the validation process plan. The researcher and assistant recorded 
important comments, Issues and themes that emerged during the exercise, for later qualitative 
analysis. The intangible nature of soft issues, their human, social and political origin and 
sensitivity in some cases meant that a facilitator-led group-discussion format for the validation 
exercise was both necessary and desirable in order to provide an Informal environment In 
which subjective opinions and perceptions could be elicited and voiced. Participants were 
therefore encouraged to discuss and elaborate upon their statements throughout the 
validation exercise. 
6.3 Pilot-based development of the validation process 
Before the validation process activities and method is presented In the subsequent sections of 
this thesis. a brief account of a piloting activity that took place to inform the development of 
the evaluative instrument and process is given here in this current section. The pilot study 
involved a test run-through of the validation process and measures, using a locally available 
systems engineering project as a case example. A preliminary version of the validation 
process and associated resources was produced for this purpose and following the 
completion of each section, participant's comments regarding the adequacy and effectiveness 
of the methodology were recorded. A brief summary of key findings relevant to the 
development of the validation process, evaluative instrument and associated methodology Is 
given below. 
prior to execution of the validation process using BAE SYSTEMS case projects, work was 
undertaken including development of the process and preparation of supporting materials for 
the evaluations, to incorporate issues raised during the pilot study. Following the pilot 
evaluation and feedback, a coherent introductory presentation with explanation regarding the 
structure of the exercise was produced for use during the validation exercise. Standardised 
response sheets to support each section of the exercise with example responses and spaces 
for comment were also produced. Available soft metrics to date were gathered within a single 
document, which was presented as an emerging 'soft metrics guide' at the validation 
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sessions. The performance factors themselves were finalised for the evaluation process and 
tagged with an Identification number that could be used to link to specific measures and 
methods within the soft metrics guide. The appropriate content from the soft metrics guide 
could then be pulled up on screen to illustrate methods for measurement of specific factors as 
and when they were Identified by project management as being relevant to current project 
conditions. 
In terms of an introduction and overall structure for the validation process, the pilot study 
Nghlighted the need for separate sections within the exercise to be clearly delineated, to ease 
understanding of where in the evaluative process participants were currently, what purpose 
the current activity served and what was to subsequently follow. In this sense, clear links and 
feed-ins for each section were outlined and the logic behind the sequence of sections within 
the exercise was defined in the introductory presentation. Presentation of two versions of the 
HOP model, a simplified version and a detailed version, within the introductory material was 
considered unnecessary for the purposes of the exercise, too time consuming and likely to 
lead to confusion. Accordingly, a simplified overview of the model only was Incorporated In 
subsequent versions of the presentation material. To aid clarity during the description of aim 
and content of each stage of the validation process, it was considered Important to give 
tangible examples of the expected output for each stage, particularly during the causal 
modelling exercises. Explaining the rationale behind influences depicted In some of the 
example models would also help to prime Individuals for analysis of soft Issues as opposed to 
hard, technical factors. 
The pilot study also highlighted the need for participants to be provided with a reference 
document containing detailed definitions of performance factors on all sub-levels of the model 
for use in the influence mapping exercise, in order to prime individuals to focus upon human, 
organisational and non-technical issues for project success. In order to confine the scope of 
the exercise and target the most critical soft Issues for a particular project, it was 
recommended that selection of critical precondition factors be confined to a maximum 
number. Accordingly a limit of six critical precondition factors, identified from the HOP model 
template provided, was implemented. 
The length of the evaluative measures sections for validation of both the performance factors 
and associated soft metrics in early versions of the evaluative Instrument was considered to 
be too involved, especially where the items would have to be repeated for each performance 
factor that the participants identified as important to their project. Certain evaluative items 
were therefore subsumed within a single measure to reduce the number of responses 
participants were required to make. It was commented that in addition to reducing the time 
required to complete the whole exercise, shortening the evaluative items would also increase 
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the integrity of the data through reducing fatigue effects that might Impair the accuracy of the 
participant's responses. 
In response to Issues raised in the pilot study, several evaluative Items were altered. This 
included mainly the division of a single item or section into sub-items due to opinions 
expressed that the item encompassed two or more separate factors that participants might 
usefully make separate responses to. Conversely, certain Items were subsumed under a 
single item where it was considered that they were too lengthy or redundant. The wording of 
several evaluative items was modified to Increase clarity of focus and so as not to exclude 
either currently ongoing or historic (completed) projects from analysis should the opportunity 
arise to use both classes of projects as potential cases for evaluation of the soft metrics tool. 
Some items were also reworded so as to prime participants to respond with reference to their 
specific case project, rather than to rely upon more general project management knowledge. 
In the first version of the evaluative items, certain measures were classed as either project- 
specific or project non-specific. It was decided that due to time constraints and the 
innportance of case-based data, the evaluation would be based upon specific project cases 
only and not rely upon individual's general project management experience. 
The validation process incorporated an in-depth analysis of soft performance processes within 
the case projects based upon an influence mapping exercise that employed a template of the 
HOP model upon which respondents could map specific influences within their projects. The 
sequence of activities designed to achieve this is outlined In sectlon 6.4 below and is largely 
a result of experience within the pilot study. It was recommended during the pilot study that 
either colOurs or separate response sheets be used to map the influences of each individual 
precondition factor. This precaution ensures that the Influence of a single precondition is 
traceable: 1) to a human performance item, and 2) from a human performance item to an 
outcome, otherwise the possibility exists for multiple links between a single human 
performance factor and various project outcome variables with no means of tracing the 
precondition responsible for each influence arrow. 
it was also recommended that the direction of influence or correlation should be specified by 
respondents for each precondition-outcome relationship 
Identified: 'Positive' (indicated by a 
plus character) for instances of positive correlation 
(e. g. increase in the precondition resulted 
in increase in the dependent outcome, or the negative case: decrease In the precondition 
resulted in decrease in the dependent outcome) and 
'negative' (indicated by a minus 
character) for instances of negative correlation 
(e. g. increase in the precondition resulted in 
decrease in the dependent outcome, or vice-versa: decrease in the precondition resulted in 
increase in the dependent outcome). These recommendations were all implemented In 
subsequent versions of the validation process, with the type of correlation indicated upon the 
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influence map by assigning the appropriate character, plus or minus, above the Influence 
affcrw, or following the specified outcome variable according to the colour chosen for that 
particular precondition. In this way the effect of specific variance in the precondition factors 
was assignable as 'inhibitory' or 'facilitative' of successful project performance. A further 
conclusion drawn from the pilot study was that within the Influence mapping exercise, 
imposing an intermediary 'human performance' category of factors within the model template, 
rather than allowing direct links between preconditions and outcomes to be made, was 
thought to be valid and essential in establishing the relationship between tangible project 
parameters and soft' issues within the case projects. 
Finally, In order to take advantage of the availability of multiple respondents from each of the 
case projects selected, sections of the evaluation exercise were classified as 'group' 
exercises, in which each research team was asked to come up with an agreed response, and 
, individual' exercises, in which each individual was asked to respond on a separate response 
sheet and then results were fed back and discussed within the group. This provided more 
representative evaluative data for validation of the metrics and overall method, as well as 
recording personal views and rationale regarding the influence of specific preconditions upon 
project performance. 
6.4 overview of activities within the validation process 
This section outlines the steps within the evaluative process in detail. The actual evaluative 
instruments used are included for reference purposes within the appendices of this document. 
The evaluation response sheets, incorporating a series of response items structured by 
section of the validation process, appear 
in appendix I and the template containing sample 
performance factors for the influence mapping exercise within the validation process may be 
found within appendix J. Figure 6.4a below provides a unifying overview of the whole 
validation process and depicts the sequence of 
five separate sub-sections, labelled A to E. 
Figure 6.4a shows exactly at which sections the main components of the emerging soft 
metricS tool were applied and the main feedback channels 
designed to capture knowledge 
ericited during the exercise, along with evaluative 
data. 
Sections A to E in the overview correspond to the separate process steps that will be outlined 
in more detail in the following sub-sections. By way of a summary, following introduction to 
the exercise, section A establishes the key characteristics of the project, its aims, duration, 
size, etc. Section B then asks project personnel 
to express opinions concerning the overall 
performance of the project to date, against specific criteria that encompass both formal 
requirements outcome and human and organisational outcomes associated with quality 
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aspects of the work process and organisational context. Section C employs a series of 
response items in conjunction with an influence mapping exercise that utilises a template 
framework based upon the HOP model and a set of example soft performance factors which 
participants can use to create an influence diagram for their project. The response items in 
section C are applied to each critical performance precondition identified and assess level of 
criticality and impact upon human work. Based upon the influence maps created in section C, 
example soft metrics are selected from a database of possible measures and the items within 
section D are then repeated for each measure to evaluate the usefulness and potential 
application of the measures. Section E concludes the exercise by providing an opportunity for 
respondents to rate the overall methodology and evaluation exercise, providing key data for 
assessment of the soft metrics framework and development of its application processes. 
Soft Metrics Tool ApplicationNalidation Process 
Introduction & Orientation 
Develop 
evaluaton 
process 
Assess feasibility of tool 
Figure 6.4a: Overview of soft metrics toot application and validation process 
for systems engineering project cases 
Figure 6.4b below provides a concise description of purpose of the individual evaluative items 
wfthin each section of the validation process. 
The items included here are summarised with 
factor headings. For the exact measures and details of the scales used to elicit responses 
against each heading, the reader 
is referred to the evaluative instrument response sheets 
included within appendix 1. For the sake of convenience, future reference to individual items 
vAll be made according to an 
ID number based upon the appropriate section of the validation 
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Capture soft metrics best practice 
exercise and number of the Individual item within that section: e. g. A3, B12, etc. and the 
reader may find it convenient to refer back to either the figure below or the original evaluative 
instrument in the appendices during report and analysis of the results of the study. 
Section Items Description and purpose 
1) Project aim 
2) Project duration E t bli h t ' fil G th 
A. - Project case 3) Project budget 
s a s es projec Ve or pro e. a ers necessary 
back round Information f r l i ft d 
profile 4) Work group size 
g o ana ys so ren s across 
rojects accordin to t e 5) Work process outline 
p g yp . 
6) Current status 
1) Budget performance Items 1-3 allow experienced project managers to 
2) Schedule performance express'experr opinions upon how the project is 
3) Functional performance performing in terms of its formal criteria. 
4) Motivating environment 
5) Formal training 
6) Experience 
7) Collaboration/work grouD climate 
8) Knowledge 
9) Work process improvement 
Items 4-18 explore human and organisational or 
'I f r f t 10) Exceeding formal requirements n orma per ormance ou comes 
for the project to 
i I di id l t c id i It ' ft e it 11I)Innovation pr me n v ua s o ons er er a. ems so e cr concerned with roject' ualfty as ects e de ree to 12) Commitment and persistence 
p q p . g. g 
which project wasworld clase briovative and 
B: project 13) Novelty -- 
, 
exceeded formal requirements 
perforMancO 14) Customer satisfaction . 
outcornes 15) World class quality 
16) Organisational asset 
17) Project management 
effectiveness 
18) Fulfilment of potential 
19) Overall success 
Item 19 asks project managers to rate overall success 
of the project and is crfteda4ndependent. The previous 
sub-Items can be used to calculate an alternative 
overall performance' score for comparison, based 
upon the formal and informal criteria scores. 
20) Soft versus hard issues 
1) Criticality 
Item 20 provides important data regarding the degree 
to which managers feel the project's performance was 
Influenced by soft, non-technical, relative to hard 
Issues. 
items I and 2 give overall indicators of 'importance' of 
2) Frequency an 
Identified performance precondition, which can be 
used to assess risk. 
3) Task performance 
_ 4) Communication 
5) Task coordination it 3t 12 th I fl f 
6) Decision processes ems o assess e n uence o 
the precondition 
on s ecific'behaviour' or human work a tA d 7) Risk management 
p c es, an 
relate directl to the corres ondin cate or of f tors C: limpact Of 8) Performance control 
y p g g y ac 
within the model This rovides a 'semitivit anal slie preconditions 9) Motivation and leadership . 
p y y 
and basis for weighting factors within the model 
10) Training and development . 
11) Work process improvement 
12) Change management 
13) Additional mechanisms items 13,14 and 15 are qualitative and quantitative 
14) Existing measures and ask respondents if they can think of any additional 
15) Method effectiveness 
important influences and existing measures for the 
precondition. 
1) Metric effectiveness Following link to soft metrics guide to Identify relevant 
1) Metric examples 2) Metric feasibility measures 
for the precondition, respondents get to try : 
W evaluation 3) Metric application out 
the measures and complete section D, which rates O 4) Metric benefits the effectiveness and practicality of each measure. 
------- I Case-s ec c usefulness Items 1-4 ass th ff ti f th i ft 2) Scope and comprehensiveness 
ess ee ec veness o e emerg ng so 
metrics tool as resented to res ondents d i th 3) Practicality and feasibility_ , 
p p ur ng e 
exercise E: Evaluation of eness . 
exercise and 5) Communication of aims 
fried-oodologY items 5-8 assess the adequacy of the validation 
process from the respondents viewpoint 
Figure 6.4b: Description and purpose of evaluative items employed In validation studies 
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Presentation of the results from the validation exercises and discussion of the key issues 
raised are reported in the subsequent sections of this thesis (Sections 7 and 8, respectively). 
The results are reported by section of the validation process (A to E) In sections 7.1 to 7.5. 
For the sake of cAarity, these sections bear direct correspondence to the activities outlined in 
sections 6.4.2 to 6.4.6 below, which provide the necessary methodological steps employed 
to collect the data and which provide a preamble to outline and analysis of the results In 
section 7. 
6.4.1 Validation process preliminary preparation, introduction and 
orientation 
In preparation for the project case-studies, suitable participants were contacted to outline the 
plan, negotiate time required to complete the exercise and request background materials 
providing contextual information for the project. Information requested Included project 
control documentation including project planning and requirements specification (e. g. Gantt 
chart of scheduled activities, work package breakdown structure, etc. ) and records of any 
systematically tracked data (e. g. Earned Value Management EVM output). 
in assembling representatives and stakeholders for the case project In question, certain 
requirements and priorities were considered in terms of the composition of the focus group 
that would undertake the validation process. The content of the validation process and nature 
of some of the items required specific knowledge of project management information pertinent 
to the project. In practical terms, the exercise required the involvement of certain project roles 
and management levels in order to be successful. The follovAng characteristics were 
therefore considered desirable in selection of appropriate personnel: 
0 Operation at the project management level; in a position to detect and address 
problem issues arising within the project. 
0 Fulfils a role that involves direct monitoring of project progress and current 
performance status. 
Possesses awareness and knowledge of the project work structure and plan. 
Possesses awareness and knowledge of the rationale and aims for the project. 
is involved across all or a high proportion of project work activities. 
* is In close collaboration or is networked to the project management team, project work 
group and other relevant project personnel. 
Is a key stakeholder for and is committed to achievement of the project aims. 
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In order to Introduce the participants to the validation process and orient them towards 
consideration of non-technical issues in their project, an overview presentation was made at 
the start of the validation exercise by the researcher in order to prime participants to the focus 
and purpose of the exercise and to outline the nature and functioning of the emerging soft 
metrics tool. The soft metrics topic was introduced along with the focus of the research work, 
a brief outline of current progress and where the present validation activity fitted In to the 
overall plan for the work. The soft metrics tool was outlined Including rationale and structure 
of the HOP modelling framework. An overview of the days activities and associated 
exercises was provided, along with example responses and output from each section. The 
provision of example models and influence maps ensured that participants were primed to 
consider soft performance issues as opposed to technical parameters and to adopt an 
analytical approach to the consideration of what influence these factors exerted on various 
aspects of productivity within the project. Finally, the presumed benefits of the approach were 
stated, along with what the participants might expect to get out of the exercise; namely, a 
structured process for analysing, representing and reasoning about soft Issues within their 
project, an opportunity to gain insight into current/future soft metrics and potential 
applications, and an opportunity to provide feedback that would Inform the course of 
development in this area. 
6.4.2 Validation process section A Project case proffle 
The main purpose of the initial section of the validation process was to gather contextual and 
background information regarding each specific case project. The information collected In 
section A provides a context for analysis and interpretation of data collected in subsequent 
sections of the validation process and allows association of subsequently emerging soft 
issues with 'project type' characteristics. 
In this section, items Al to A6 gather information about the type of project, its size, alms, work 
processes and current operational status. The items 
in section A did not employ scales but 
were qualitative response items. In order to gain an accurate 
description of the project, the 
principal and sub-aims of the work activities were recorded along with conceptual vision and 
rationale for why the work was being performed. 
Next, an indication of the scheduled duration 
of the project was taken according to funding periods or 
dates for key deliverables. Where 
possible, the total budget for the project work was recorded as an indication of project size 
and work effort. From the human systems perspective, it was Important to identify the 
boundary for the project work group, which was achieved through specifying the size of what 
may be considered to be the 'core' project management team and arriving at an overall 
figure 
that subsumed all personnel involved in executing any part of the project work package. 
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Having established the manpower resources involved, participants were then asked to give a 
brief overview of the project work process, Including key stages or phases in the project 
development sequence, key work activities and deliverables. Finally, details of the current 
stage reached In the project work process were recorded, Including progress In separate work 
packages and overall development phase reached. 
6.4.3 Validation process section B: Project performance outcomes 
Section B serves to quantify both formal and informal outcomes of the project In order to give 
an Indication of the projects achieved success to date. It also serves to establish 
performance in preparation for later analysis of the mechanisms that Influenced the achieved 
outcomes. The measures rely upon subjective opinions of project personnel and may be 
applied retrospectively, to completed projects, or to ongoing, non-completed projects to 
assess to what extent the project is achieving key outcome cdteda at its current stage of 
development. Section B employed a variety of anchored scales to quantify each item (see 
appendix b, including Likert-type scales anchored 'strongly disagree' to 'strongly agree' and 
score rating scales anchored 'low achievement' to 'high achievement'. 
There are currently formal measurement systems available to project managers to track cost, 
quality and time criteria. The subjective response items 1311-133 therefore allow project 
linanagers to voice their opinions as to how the project has performed and allows for 
consideration of the extent to which the project fulfilled non-specified or broad requirements 
such as may exist in proof of concept or pure research projects, or requirements that emerged 
during the course of project development. Items 131-133 are also designed to elicit further 
contextual data relevant to the project case under consideration, Le. by providing a concise 
indication of the degree of success achieved by the project. Participants were asked to 
respond using a percentage of overall requirements met 
in each of the three categories. 
Guidance was given in how to respond by providing anchoring conditions for 0 and 100%, and 
by providing a qualifying statement that limited the maximum attainable rating if the project 
experienced specific conditions. 
The remaining items 134-17 rely upon the experience of project managers to give an indication 
of the relative degree of success they think the project achieved based upon how effectively 
the project satisfied formal and more informal, human and organisational success criteria and 
to what degree the project represented best practice within its domain. The factors tested 
within items 134-17 are adapted 
largely from the outcome category in the HOP model 
framework (depicted previously in rigure 5.1.1a), and reflect what may be considered to be 
, quality of process', organisational learning and creation of intangible assets. Discussion of 
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rationale behind why the project achieved certain outcomes forms a useful primer for the 
following Influence mapping exercise in section C, in which specific antecedent performance 
factors are identified. As a group-based exercise, section B Is designed to provoke 
discussion of performance-related processes in the project and the researcher documented 
any causal Influences discussed at this stage, in order to be considered In more detail In later 
sections of the validation exercise that sought to trace causal origin of project performance 
outcomes. Item B18 was qualitative in nature, asking respondents to respond positively or 
negatively to whether they thought the project had achieved its potential and qualify their 
response. 
Finally, having considered all the criteria inherent In items 131-18, item B19 asks participants 
to give an overall rating of effectiveness for the project. This judgement-based measure In 
particular, and the rest of the items in section B in general, Is designed to sound the 'expert' 
opinions of experienced project managers who are familiar with the operational functioning of 
the project and who are in a position to formulate a comparison with other projects they have 
had experience with, in order to gain a 'feel' for the project's level of achievement. Inaddition, 
item B20 asks respondents to consider the degree to which 'soft' Issues influenced the 
success of the project, compared with 'hard' issues. Definition of 'hard' and 'soft' Issues was 
stated clearly to participants in the introductory orientation section of the validation process, 
but it Is reiterated in discussion here under item B20, where respondents are asked to 
consider the relative influence of 'hard, technical Issues against soft', human and 
organisational or non-technical issues. 
6.4.4 Validation process section C: Influence mapping exercise 
Section C of the validation process comprised a semi-structured 'influence mapping' exercise, 
supported by set measurement items in the evaluative instrument, that sought to capture the 
mechanisms by which specific 'upstream' soft factors, identified within section B and from a 
sample set of performance factors presented within section C, influenced project performance 
outcomes. For the actual evaluative items used within section C and a reproduction of the 
sample performance factors template used in the study, the reader is referred to appendices 
I and J respectively. 
Section C of the validation process was intended to be the central activity in the application of 
the HOP modelling framework within the case projects and aimed to provide sample data 
regarding how the model, framework and factors could be applied to make the key links 
between intangible' antecedent factors and the more tangible operational or customer- 
oriented project outcomes relating to the project work product. As such, the output from 
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section C: example causal chains of factors specific to 'real-world' operational case project 
scenarios and data concerning the nature and strength of Influences within those chains, Was 
intended to support an important part of the argument for the emerging soft metrics tool - its 
utility and effectiveness. As a semi-structured, discussion-based process, the Influence 
mapping exercise forms a means of capturing knowledge that Is largely qualitative and 
discourse-based in nature, in a reproducible, structured format for project planning, control 
and risk analysis capabilities relating to human and organisational performance factors. 
The sample factors presented within the influence map template and performance factors set 
were derived from the soft factors literature review and represent known human and 
organisational factors that have the potential to Impact upon project performance. They also 
represent factors which existing project management and support tools do not address 
directly and as such are parameters that are characterised by a high degree of opacity in 
nature and Influence, and about which it is currently difficult to objectively reason for the 
purposes of project planning, risk analysis and performance control. 
The influence mapping exercise formed the basis of detailed analysis of soft issues within the 
case projects. A list of precondition factors, human performance activities and project 
outcomes according to the framework of the HOP model were presented to the participants 
who were asked to map the influences between these factors according to their own 
observations of project issues within their specific case project scenario. The actual 
sequence of steps employed in this undertaking is outlined later in this current section of the 
thesis. issues identified and recorded by the researcher during discussions elicited by section 
E3 of the validation process were summarised at this point In order to remind individuals of 
important issues to consider. As the exercises within section C were constructed to allow the 
identification of key soft performance factors and investigation of the mechanisms through 
which these factors influence performance outcomes, they provide the basis for selection of 
appropriate soft metrics for the specific case scenario 
In question during the subsequent 
section D of the validation process. 
During the influence mapping exercise in section C of the validation process, all categories of 
variables and relationships inherent within the 
HOP model were addressed, but in varying 
levels of detail according to certain research priorities. Two conditions for analysis were 
therefore identified and embedded within the methodology employed during section C of the 
validation process. In condition A, in order to relate soft, 'upstream' factors to operational 
performance outcomes, respondents were asked to trace full causal chains of influence 
through the entire model, encompassing project preconditions, human performance activities, 
operational project outcome factors and the specific 
interactions between these three classes 
of variable applicable to the project case scenario in question. Full causal influence maps 
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based upon qualitative information elicited during the validation process were therefore 
constructed, in order to provide examples of the utility of the model in analysis of antecedent 
factors for overall project outcome performance. In condition B, response sheets from the 
evaluative instrument containing several items designed to focus in-depth upon what may be 
regarded as 'soft' performance processes within the project, were presented to respondents. 
This latter, more detailed, quantitative analysis was directed towards the relationship between 
what may be considered to be generic human work activities and contextual or input 
-preconditions' that were inherent features of the project work environment. Figure 6.4.4a 
illustrates the aspects of the HOP model that formed the focus of analysis under each of the 
two conditions, A and B, outlined above. 
Condition A: Full causal chaining of global project 
performance 
Human T 
!s 
Project in( Project performance Preconditions as] Outcomes activities 
Condition B: In-depth analysis of human performance 
Project performance Project 
condItions 
ý4 4: N 
Outcomes 
Figure 6.4.4a: Relationships of interest within the HOP modelling frameworik 
for validation process 
The in-depth focus upon human performance processes under condition B was employed in 
accordance with a number of considerations. The principal reason from a research 
perspective was because the 'soft' or human work processes and influences that occur within 
a project are represented primarily by interactions between the first two Classes of factors 
within the HOP modelling framework; in the relationship between human and organisational 
preconditions within the project work environment and the human-centred activities, or actual 
human behaviours, that they influence. These human-centred activities therefore represent 
non-technical, human performance on the project and include knowledge-intensive processes 
such as decision- making, task planning, risk analysis and change management, all of which 
are information-critical and require accurate projective and analytical reasoning. in addition 
they address processes partly determined by social climate and quality of interpersonal 
networks, such as communications, motivation and leadership, and as Such represent the 
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human work aspects of project operations, which form the critical focus of interest for the soft 
metrics research effort. 
Another reason for adopting an in-depth, quantitative approach to limited aspects of the HOP 
model was practical in origin. Access to project personnel for the validation exercise from 
ongoing BAE SYSTEMS operations was limited and subject to time-constraints. From 
refinement of the validation process in a pilot study performed for that principal purpose 
(reported in section 6.3 of this thesis), it was considered practical to confine the scope of 
activities within section C of the validation process to those outlined above, in order to lesson 
the necessary resources required to exercise what was already a multi-phase validation 
The results from application of the methodology for section C of the validation process are 
reported in results section 7.3 of this thesis. The remainder of this current section provides 
an outline of the methodological aspects of the influence mapping exercise, namely sequence 
of activities and explanation of content and purpose of the evaluative items Cl-C15 that were 
employed to analyse project performance preconditions in detail. 
Figure 6.4.4b below provides an overview representation of the major points of analysis 
within the influence mapping exercise, classified as either quantitative or qualitative in nature. 
Within the influence mapping exercise of the validation process, qualitative knowledge and 
information elicited was used extensively to identify issues that could be 'flagged-up' for 
quantitative analysis using set evaluative items and scales, and was also used to qualify and 
further explore the results of quantification of influences and interactions. 
QUALITATIVF 
ANALYSM 
Project I Specify 
Preconditions I influences 
Human 
performance 
activities 
Project 
Outcomes 
--------------------- fI ----------------------------- r ----------------------------------------- 
QuANTITATIVE As; ign Measure specific I 
ANALYSIS: criticality rating influences - 
based upon potental using seven-point 
impact and weighting scale 
frequency of 
occurrence 
Figure 6.4.4b: Quantitative and qualitative analysis within the HOP model 
influencing mapping exercise 
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Qualitative analyses of soft performance Issues within the case project centred around 
application of the HOP modelling framework and sample performance factors identified from 
the soft metdcs literature review and industry-based scoping study findings. For the specific 
case project context In question, project personnel were asked to Identify relevant factors 
Wthin each of the three classes of vadables within the HOP model, and map the specific 
Influences between these factors In a manner reminiscent of the theoretical modelling 
exercises outlined in section 4.3 of this thesis. To aid in this process, set definitions from the 
literature review regarding each Identified performance factor were given where necessary by 
the researcher. In addition to representing complex soft performance processes using the 
HOP modelling framework, further qualitative analysis included the specification of direction of 
Influence between critical preconditions and dependent project outcomes, In order to provide 
evidence for whether specific vadances in project preconditions were likely to have a 
facilitatory or inhibitory effect upon overall project performance. In terms of the quantitative 
analyses conducted within the influence-mapping exercise, respondents used set evaluative 
items from within section C of the evaluative instrument (see appendix 0 to achieve values 
representing overall criticality of a specific precondition for effective project performance, and 
values representing the estimated impact of a precondition on each of the generic human 
performance activities inherent within the central category of the HOP model. This latter 
analysis formed a detailed sensitivity analysis for how project preconditions influenced human 
performance within the project and was designed to provide data to support dsk analysis and 
pdodUsation activities dudng project planning and performance projections. 
The critical points for analysis outlined above were embodied in a practical methodology for 
the influence mapping exercise, as illustrated in figure 6.4.4c below. Figure 6.4.4c 
comprises a table of sequential activities for the influence mapping exercise with details of the 
exact method employed within each step, including: resources used, nature of data elicited 
and results output. During all the separate steps undertaken, the researcher recorded 
important issues raised and rationale which qualified and elaborated upon participants 
responses. 
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Activity Details 
1) Identify critical Having considered broad human and operational performance outcome 
precondition dimensions in section B of the validation process, respondents were asked to 
factors. identify the critical precondition factors that Influenced reported performance 
attainment and that best represented the origin of any 'soft' Issues encountered 
during the course of the project. Critical preconditions were limited to six in total 
due to time constraints placed upon the exercise. This activity was qualitative In 
nature and employed the 'precondition' category of the HOP model template 
(reproduced inappendlx. ý. The output from this activity was a series of 'critical' 
preconditions for the specific case project scenario. 
2) ldentifý Taking each critical precondition in turn, respondents were asked to Identify which 
dependent specific project performance outcomes the factor had an Influence upon. This 
project activity was qualitative in nature and employed the 'outcome' category of the HOP 
outcomes. model template (reproduced in appendixn. The output from this activity was a 
series of 'dependent' outcomes for the specific case project scenario. linked to 
specific precondition factors. 
3) Specify the Considering each dependent project outcome for a specific precondition factor, 
direction of respondents were asked to discuss and state the nature of Influence of the 
influence. precondition. The researcher presented the question verbally in the format: "if 
[precondition X3 increases, is the level of [project outcome Y] likely to Increase or 
decrease? * If the answer was "increase% the precondition-outcome pairing was 
recorded as being positively associated. If the answer was Odecrease% a negative 
association was recorded. This activity elicited qualitative data that could be used 
to classify preconditions, relative to a specific performance outcome, as either 
facilitatory or inhibitory. 
-Idenq! Ni- Respondents were asked to consider how each critical precondition influenced 
mediating dependent outcomes by tracing causal paths between the precondition and 
human outcome, through specific human performance activities. In this manner, detailed 
performance 'soft' performance mechanisms that operated within the case project were 
activities identified, incorporating full causal chains that linked project preconditions to the 
human work activities they influenced and the dependent operational outcomes 
that were affected by variance in the ability of project personnel to effectively 
execute project work. This activity was qualitative in nature and employed the full 
HOP model template (reproduced in appendix J). The output from this activity 
was a series of influence maps depicting full causal chains of influence through 
the entire HOP model, linking project outcome with upstream preconditions and 
soft factors. 
5) Rate criticality Using the set response items in section C of the evaluative instrument 
of (reproduced in appendix ý for each critical precondition factor identified, 
preconditions respondents estimated the impact of each precondition in terms of severity and 
frequency of occurrence of related issues for project performance. The level of 
influence of the precondition on each of the generic human performance activities 
within the HOP model was then assessed using set scale items. This activity was 
quantitative in nature and the output formed a sensitivity analysis of project 
performance processes based upon soft, human-centred project preconditions. 
Figure 6.4.4c: Process steps Ibr mapping influences between performance factors using the 
HOP modelling framework 
The evaluative items employed to support the influence mapping exercise were first 
administered individually to all project personnel and then discussed in the group. Overall 
influences for specification of weightings within the influence maps were later calculated 
based upon aggregated scores for each performance precondition in each case project 
scenario. The content and purpose of the evaluative 
items used at this stage of the validation 
process is briefly described below. 
items C1 and C2 were designed to gain an overall reaction to the criticality of a precondition 
to the success of a project. The perceived level of influence or 'importance' of the 
precondition is measured (item CI), followed 
by the expected frequency of occurrence of 
183 
precondition-related performance issues (item C2). The logic behind this two-factor approach 
Is that a highly critical factor that occurs relatively infrequently may not be as important from a 
project planning and performance monitoring perspective as a less critical factor that arises 
commonly. Seven-point scales were used for these items anchored by '0 - factor Is 
irrelevant' to '6 - Factor is highly critical' in the case of overall criticality (item CI), and '0 - 
Never to '6 - Constantly' for frequency of occurrence (item C2). 
Following on from C1 and C2, items C3 to C12 offer a finer-grained level of analysis of the 
impact of preconditions on specific human work activities, by addressing the mechanisms by 
which preconditions influenced project performance. These items correspond to the 'human 
performance' items in the HOP model, in order to gain an understanding of the relative 
importance of a precondition for a specific human performance activity and allows sensitivity 
analysis of human work activities to contextual factors. In terms of the seven-point criticality 
-scale used for items C3 to C12, it is important to note that the lowest index 10', does not 
represent 'lov/ influence but 'no' influence whatsoever. In compilation of the resulting 
influence maps, no influence is therefore represented by the absence of a connecting arrow 
between the precondition factor and human activity factor. 
Item C13 is qualitative in nature and gives an indication of the comprehensiveness of the 
human performance factors specified within the HOP model sample set by aswIng 
respondents if there are any additional mechanisms through which the precondition in 
question influences project performance. Finally, the remaining two items were designed to 
give an indication of the existence and effectiveness (items C14 and C15, respectively) of 
current methods for measuring the precondition in question. Example causal chains from the 
influence mapping exercise with factor-weightings derived from items C3 to C 12, in addition to 
other qualitative and quantitative results gained from section C of the validation process are 
ouflined and discussed within section 7.3 of this thesis. 
6.4.5 Validation process section D: Sample metrics 
Section D of the evaluative process was designed to generate evaluative data for the soft 
metrics that were developed from the literature review and associated with individual 
performance factors within the model. The soft metrics used during the validektion studies are 
Outlined in the metrics inventory document included within appendix H. 
The evaluative items 
within section D of the evaluative instrument (included within appendix 
I Of this thesis) were 
completed for each sample metric presented to respondents during tile valiclation exercise, 
and formed the means of evaluating the effectiveness, feasibility, scope Of application and 
potential benefits of each individual measure. Due to the recursive nature Of zection D of the 
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validation process, the evaluative items were limited to four In total and two or three metdr-S 
representing key factors identified during the Influence mapping exercise In the preceding 
section C of the validation process, were selected by the researcher for validation. items 
Wthin section D of the evaluative instrument were administered first to Individuals, and then 
discussed within the group. 
Following selection of the metrics for validation, the researcher explained the purpose and 
content of the measure, including sub-items or factors where appropriate, data collection and 
analysis methods. The scales used to quantify each measure were described Including the 
rationale for the semantic anchors employed, if applicable. Where practical in terms of the 
time available and presence of necessary resources, respondents were given the opportunity 
to generate data against the measure for their particular case project, in order to gain better 
insight and understanding of how the measure could be applied. The researcher also 
benefited from this process in that application of the measure could be observed and any 
problems associated with understanding or interpretation of the measure's purpose or content 
was recorded. 
Item D1 of the set evaluative items was quantitative in nature and employed a ten-point rating 
scale to assess how effective respondents thought the measure was in quantifying the 
performance factor with which it was associated. The scale was anchored: 'I - Virtually 
ineffective' to '10 - highly effective'. This item was designed to elicit discussion of the 
suitability of the specific metric in question for testing a particular performance factor within 
the project and assessed the adequacy of the measure. The need for quantification of the 
performance factor that the soft metric was proposed to test had already been established in 
the preceding section of the validation process for each specific case project; the output from 
section C comprises a series of 'performance critical' factors. 
Items D2 to D4 within the evaluative instrument were qualitative in nature. Item D2 asks 
respondents if they would have used the measure to quantify the performance factor within 
their project and prompts respondents to consider the Practicality and effort involved In 
generating the necessary data. Considered with the preceding evaluative measure, items DI 
and D2 give an indication of the potential usefulness of a specific soft metric, based upon the 
potential effectiveness-effort trade-off. Item D3 of the evaluative Instrument asked 
respondents to consider when in the project lifecycle the measure should be employed. 
Instances in the course of the project to consider were listed as: at project planning, after 
changes to the plan, at periodic reviews or in more frequent, continual performance 
monitoring activities. Finally, item D4 asked respondents to consider the potential benefits to 
their projects that would have arisen if the measure had been available and employed. 
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Information gained in response to this specific item would be used to support the feasibility 
case made for the soft metrics associated with the emerging metrics tool. 
6.4.6 Validation process section E. - Overall evaluation 
Following Independent evaluation activities within the validation process, section E of the 
evaluative instrument provided respondents with an opportunity to discuss and rate the overall 
usefulness of the soft metrics tool and provide feedback concerning the practicality and 
effectiveness of the methodology employed within the validation process. Section E of the 
evaluative instrument containing items EI-8 (see appendix b was distributed to all individual 
respondents before the items were discussed amongst the group. 
In terms of the individual evaluative items employed in section E of the validation process, 
items E14 referred specifically to the usefulness of the soft metrics tool; Its applicability, 
scope, practicality and effectiveness in achieving the alms set out for It In the Introduction to 
the validation exercise. Items E5-8 focused upon the effectiveness of different aspects of the 
method employed within the validation process, to elicit data that could be used to refine 
future applications of the process. Items E14 employed a ten-point rating scale Indexed 'I - 
LOW to 110 - High'. Items E5-8 employed Likert-type agreement scales anchored 'I - 
Strongly disagree' to '10 - strongly agree'. An even number of Indices was present in these 
latter scales to force agreement or disagreement with the statements included within items 
E5-8- 
Evaluative item III assessed case-specific usefulness and asked respondents to rate how 
useful the exercise had been in analysing soft issues within their specific project, giving an 
indication of applicability and utility of the soft metrics tool and analysis process for individual 
project case scenarios. Subsequent items E2-4 were not project-case specific and asked 
respondents to consider general usefulness and applicability of the tool for project 
management efforts against three dimensions: scope and comprehensiveness (item E2), 
practicality and feasibility (item E3), and overall effectiveness (item E4). 
VVithin items E5-8 used to evaluate the validation methodology, item E5 addressed the extent 
to which respondents felt the aims and purpose of the exercise were clearly communicated 
and item E6 how logical and clear respondents thought the plan and process were. Item E7 
assessed the perceived accessibility of the language and terminology used within the 
performance factors template and accompanying documentation, whilst item E8 asked 
respondents whether they considered the level of detail and analysis incorporated within the 
exercise's resources was appropriate for the purposes specified. 
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Section 7 
RESULTS AND ANALYSIS 
This section of the thesis is primarily concerned with presentation and analysis of results from 
application of the validation process in three BAIR SYSTEMS engineering research and 
development projects. Key conclusions and issues arising from the data collected during the 
validation process for the emerging soft metrics tool are summarised within the subsequent 
section of this thesis (section 8), including discussion of the feasibility and utility case for the 
developed approach. In terms of the presentation format for the data and results of the 
validation exercises, some consideration of issues of confidentiality and ethical research 
practice are pertinent. Much of the data collected during the validation exercises was 
sensitive in nature, either due to its representation of personal viewpoints and opinions, its 
relevance to commercial and political issues associated with project performance reports or 
its relevance to security and defence interests. 
In the interests of preserving commercial confidentiality and anonymity for participants, efforts 
have been made within this section to ensure data collected within the various sections of the 
validabon process is not directly attributable to a specifically identifiable project. Where it 
becomes necessary to separate data according to the case project to which it refers for 
comparison, the projects are coded SEP (Systems Engineering Project) 1,2 or 3. Most 
notably, the initial section of the validation process (section A: project case profile) collects 
project-specific data that could be used to identify a particular project origin. For this reason, 
results reported from section A are confined to an overview of the context and main features 
of each project according to project focus or development area, and no project-specific 
reference is given. In the subsequent treatment of qualitative data gleaned from the validation 
study and arising largely from discussions centred around the influence mapping exercise in 
secoon C of the validation process, again no project identifiable reference will be made and 
the discussion and analyses will be structured according to the performance factor of Interest, 
rather than the project in which the issue was raised. 
Sections 7.1 to 7.5 below provide a descriptive account and analysis of qualitative and 
quantitative data obtained within sections A to E of the validation process. For explanation of 
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the methodology used to elicit the following data within each section of the validation process, 
the reader Is referred to the preceding section 6 of this thesis. Although the validation 
process employed multiple, integrated phases in order to allow participant project personnel 
to apply and validate the emerging soft metrics; tool, sections C and D of the validation 
process are specifically relevant to results concerning the application of the HOP modelling 
framework and associated soft metrics. 
7.1 Validation results section A: Project case profile 
This section reports a summary of information regarding the type and focus, amongst other 
characteristics, of the case projects used to validate the soft metrics tool and some 
demographic characteristics of the individuals that participated In the validation exercises. 
The information recorded in this section is derived from responses made by project personnel 
during the validation exercises, in response to section A of the process (see previous figures 
6.4a and 6.4b for an overview of the validation process and evaluative Instrument). 
Responses for this section were discussed and made on the basis of group consensus during 
the actual validation exercise. As an overview of the key characteristics shared by the case 
projects used for the soft metrics work validation study, it is anticipated that this section Will 
provide useful background and contextual information for the results sections that follow. 
In total, three operational systems engineering research and development projects were 
made available to the soft metrics research effort through the BAIR SYSTEMS sponsored 
Systems Integration Consortium research network. AJI the projects involved were industry- 
academic Partnership projects, led by project management teams that comprised individuals 
representing varied academic and industrial interests. Each project was focused upon the 
development of a key technological or process capability to enhance operational performance 
in systems engineering activities and for direct application in BAIR SYSTEMS future 
operaUons. 
In terms of the numbers and roles of participants involved in the three evaluation sessions, 
rigure 7.1a below provides a concise overview of the overall size of each project's core team 
and the levels of participation in the soft metrics evaluation process for each team, claSSed by 
seniority of project role. In total, nine individuals participated in the validation exercises of 
which five represented senior or lead project personnel, with each individual project 
being 
represented in this latter sub-group as per the requirements detailed In the plan for the 
validation process concerning role requirements for participating personnel (see section 
6.4.1). 
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Project 
SEPI SEP2 SEP%3 
Total Size of Core 5 7 9 Project team 
Lead/senior project 2 2 
personnel participating 
Project work/research 2 0 2 
personnel participating 
Figure 7.1a: Participation In validation process from three systems 
engineering project teams 
The project leads/senior personnel group comprised five Individuals (four male, one female), 
all of whom were aged above 30 and possessed a broad range of relevant project 
management experience and domain-specific knowledge pertaining to the management and 
focus of the systems engineering projects that they headed. The responsibilities of this group 
included overall planning for delivery and integration of high-level project work tasks, 
performance review, budgeting, management of sub-projects and liasing with Industrial 
sponsors at periodic steering groups that functioned at a strategic level. The project 
work/research personnel group comprised four individuals (all male) of varying ages and with 
widely varying experience and expertise. This group of personnel is distinguished from the 
lead personnel by the absence of strategic project steering responsibilities and high-level 
project management responsibilities. Personnel within this group were however responsible 
for the planning and execution of significant sub-tasks within the overall project work plan and 
represented their own areas of expertise in contributions to decision-making processes within 
the project management teams. 
As future capability-oriented projects, each participating case project focused upon a novel 
area of research with the aim of developing knowledge and demonstrators to prove the 
feasibility of the concepts that formed the objectives for the research work. The main focus in 
the three development areas represented by the case projects and given In response to item 
Al in the evaluation instrument (see appendix 0 may be summarised as follows: 
* Development of a Capability Development and Deployment Process and associated 
tools. 
Development of tools to support an Integrated Modelling Environment and assess the 
dependability of integrated models. 
Development of object-oriented and autocode technologies to Improve productivity in 
software engineering. 
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in terms of project duration (item A2), all three projects began In 1999 or 2000 with the 
establishment of the Systems Integration Consortium and were currently ongoing at the time 
of the validation study (November 2003), with work packages scheduled as due for delivery In 
2006 In some cases. The response to A3 'project budget' Is considered confidential, but each 
project received a third of the overall budget for the Systems Integration Consortium, ensuring 
that the projects are comparable In terms of size as defined by available financial resources. 
The principle or core work group size (item A4), defined as the team directly responsible for 
executing the separate work packages that comprised each project, varied between 5 and 9 
individuals, including research associates and PhD students conducting research In sub- 
areas of the overall projects. When extended to include industry sponsors, directly associated 
Industry personnel and research network members, all of whom contributed In some way to 
the project work, estimates for the total project stakeholder groups reached as high as 30. 
Aithough membership of the core project management teams had remained relatively stable, 
there had been changes in personnel responsible for executing sub- and peripheral tasks In 
the projects. 
Although overviews of the project work process employed (item A5) varied In each case 
according to the exact nature and technical requirements of each specific project, several 
points of commonality emerged. All work packages defined at project start-up underwent a 
scoping study in the early stages of the project in order to identify potential need and 
applications for the work. During this phase project stakeholders and those that would be 
influenced by the research work were identified. Following the scoping study, detailed 
literature search and exploration of the capabilities of existing tools and technologies 
generally followed. Another early activity was detailed planning and sub-project specification 
in which iternised work-plans were produced with set milestones and targets. 
The general course of project development phase work provided the largest source of 
variation, as each project pursued specific and unique 
technical objectives. FolloWng 
background research, solutions and demonstrators were developed and applied In the 
industrial context through case studies, as many as 8 separate applications in some 
instances, to generate validation data. Other activities considered important incjuded the 
management and integration of sub-projects and the revision and updating of initial 
requirements and objectives in light of new 
developments. Each project reported a period of 
what has been termed "intensiven iteration in the project lifecycle, based upon successive 
case applications and subsequent development work based upon research findings. 
Estimates of general progress or stage reached (item A6) by each of the projects varied, 
though the initial stages of the vast majority of work packages were considered to be 
completed and undergoing validation in preparation for integration and deployment. Some 
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work packages and industry deliverables were reported as having been finalised by this 
stage, whilst others were at a much earlier developmental stage. 
The project management teams from two of the three projects studied commented during 
discussion of responses to the items within section A that the project requirements and aims 
had been modified since the initial project definition, resulting In the necessity to re-plan work 
schedules, work package specifications and resulting In various ongoing sub-projects being at 
different stages of completion. A similar occurrence was reported In cases where the focus of 
Me research effort had shifted during the course of the project to accommodate new areas, as 
a result of technological advancement. These unpredicted deviations from the original plan 
were attributed to the nature of 'proof of concept' or research projects which operated within 
new knowledge areas. 
7.2 Validation results section B: Project performance outcomes 
Section B of the validation process collected group-rated data regarding various dimensions 
of project outcome performance, including formal requirements and informal human and 
organisational criteria. Data within this section is presented according to the actual case 
project within which it originated. The actual quantitative responses made by the three case 
projects against each of the items within section B are included in appendix L. 
p(jure 7.2a below compares ratings made by all three projects against the three formal 
outcome criteria items (131-3). The percentage scores show respondents opinions of the 
degree to which the project in question had achieved all budgetary, schedule and functional 
performance targets, representing the customer or contractually determined parameters: 
quality, cost and time. 
Scores for formal performance criteria varied across the projects between 60% and 100% Of 
objectives met. SEP3 recorded the highest scores with all (100%) set objectives met for both 
the budgetary and functional dimensions, and only occasional, minor schedule overruns in the 
temporal dimension (95%). SEPI and SEP2's scores varied, with generally high performance 
(90-100%) on the budgetary dimension and the lowest scores occurring in the schedule and 
functional categories (SEP2 70% and SEP1 60%, respectively). 
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During discussions regarding items 131-3, several important issues were raised including 
causal factors in each project's history that respondents used to justify low or high ratings on 
the scales. These issues were recorded for consideration in later sections of the validation 
process, but served to demonstrate the utility of considering the exact level of outcomes of 
project performance criteria first in any process aimed at identifying and analysing 'upstream' 
performance factors. An important theme that emerged from consideration in all three 
projects was the interrelated nature of the three formal outcome criteria related to cost, quality 
and time. In this sense, it was suggested that "overall cost effectiveness" might be a suitable 
single measure that subsumes all three separate outcome criteria, in that an effective project 
delivers all key functional requirements quickly and with as little spend as possible. 
Another common theme was the impact that instability in factors that were external to the 
project, and hence beyond project management control, had upon formal performance 
criteria. Changing or unstable customer requirements during the course of the project was 
offered by two of the three projects as important determinants of overall performance, 
impacting upon schedule performance (causing overruns for work packages) and functional 
performance (shifting technical goals and decreasing ability to appraise functional attainment 
at any specific point in time). The impact of changing technologies was also highlighted as a 
key external factor, that necessitated revisions to the project work plan mid-project to 
embrace advancements made by other research organisations and involved acquisition of a 
large amount of new knowledge by the project work group. In the words of one project 
manager, collaboration with an external research organisation in order to acquire necessarY 
technical knowledge resulted in a "vast under-estimate" in the schedule, regarding the length 
of time necessary to complete specific work packages. 
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Figure 7.2a: Management team perceptions of performance against 
formal project outcome criteria 
The uncerlainty inherent in 'proof of concept' and research- intensive projects was stated as 
making functional performance monitoring and control difficult, highlighting a possible 
discrepancy in views between industrial and research interests concerning what level of 
parameterised control was appropriate for this type of project. Doubts were expressed during 
consideration of functional performance outcomes as to the accuracy with which it was 
possible to specify clear functional and technical objectives and milestones at the start of a 
research project. 
Items 134-17 contained other human and organisational, as well as work process quality and 
organisational learning dimensions of project outcome performance. Collectively, items 134-17 
represent informal, 'softer' outcome criteria by which a project's success and degree of 
achievement may be rated. Responses made to these items by each of the three case 
projects are depicted within figures 7.2b (items 134-10) and 7.2c (items 13111-17) below. 
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FiaUre 7.2b: Management team perceptions of performance against 
human and organisational outcome criteria (Items B4-10) 
items 134-17 used the anchored 10-point scales provided in the evaluative instrument and 
responses varied considerably between the three case projects as a result of differing project 
woi* environments and performance factors. 
Within each project, ratings also varied 
considerably across different items. No responses were recorded in instances where time 
constraints meant that discussions on a particular 
item had to be curtailed, or where 
respondents couldn't collectively agree on a single score. 
Overall, consistently high scores 
were recorded across all three case projects 
for items B4 (Motivating environment), B8 
(Knowiedge), B9 (Work process improvement), B13 (Novelty) and B15 (World class quality). 
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234567 10 
AM three projects therefore considered their respective project work environments to be 
adequately stimulating and motivating and that each project had made a significant 
knowledge contribution in terms of both the technical domain that the project was researching 
and in procedural knowledge or work processes employed within the project. The general 
consensus across all three projects was that in each case the work product had been novel 
and project work executed to a 'world class' quality level. 
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Figure 7.2c: Management team perceptions of performance against 
human and organisational outcome criteria (Items B11-1 7) 
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In terms of individual project's scores for the human and organisational outcomes, SEP1 
scored highest in terms of its achievements in areas of work process improvements (item 139, 
score: 9), novelty in research product (item B13, score: 9) and as an asset to its organisation 
(Rem B16, score: 9). Lower scores were achieved in the provision of formal training 
opportunities for project personnel (item B5, score 4.5), achievement of a collaborative 
climate for project work (item B7, score: 5.5) and in the effectiveness of project management 
practices (item B17, score: 5). SEP2 project personnel were generally more conservative 
across all items, with the highest score in the achievement of a motivating work environment 
(Rem B4, score: 8). Low scores included satisfaction of stakeholder interests (item B14, 
score: 2) and exceeding formal requirements (item B10, score: 4). Finally, SEP3 scored 
highest in novelty of work product (item B13, score: 9), knowledge contribution (item B8, 
score: 9) and provision of a motivating environment (item B4, score: 9). SEP3 recorded no 
parficularly low scores with the exception of achievement of a collaborative climate for project 
work (item B7, score: 6), relative to scores on the other dimensions in this section. 
Mean scores across items 134-17 and BI-3 were calculated to give an overall inferred 
performance score for: 1) human and organisational Outcome criteria, and 2) formal outcome 
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criteria, respectively, for each project. These scores were then compared with project 
managers overall ratings of the project's performance as elicited by item B19 'overall 
success'. The results from this comparison are presented in figure 7.2d below. Only in 
SEP1 did the project management group's estimate of overall performance ciosely match the 
inferred performance outcome values for both formal and informal criteria. In the other two 
projects, group estimates closely matched the human and organisational performance criteria 
but these scores fell short of the inferred formal criteria scores that incorporated the cost, 
quality and time parameters. One interpretation of this trend is that it is an artefact of the 
number of items within the formal requirements section compared with the human and 
organisational criteria, yet if the evaluative instrument is robust, there exists the possibility of a 
tendency to over-estimate performance against formal project outcome criteria. This may be 
due to the political sensitivity of customer or contractually defined budgetary, functional and 
schedule success criteria for operational projects. Conversely, the lower group-estimated 
scores might represent a human tendency to give conservative judgements in making 
complex judgements that involve multiple factors. That inferred performance ratings 
remained in the region of overall estimated project performance is an indication of some 
validity and internal consistency within the items of section B of the evaluative instrument, as 
sub-dimensions of overall project success. 
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Figure 7.2d: Comparison of inferred formal and inforynal outcome performance 
values with management team estimates 
In terms of the qualitative responses recorded from discussion of human, organisational and 
quality dimensions of project performance (items 134-20), several issues were raised and 
causal influences identified. In consideration of item B4, several motivational influences and 
issues were raised affecting the degree to which the projects working environment was 
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considered 'stimulating' or 'motivating'. A range of factors that Influenced commitment and 
persistence to achieve high standards of project work on the Individual level were 
documented, representing personal views and a diversity of personality profiles within each 
project team. General opinions were expressed that projects of the 'Proof of concept' type 
Incorporated a high proportion of novel research activities that afforded Individuals a level of 
autonomy that was itself stimulating and motivating. It was also commented upon that the 
research activity required considerable self-motivation and It may therefore be concluded that 
the nature of this work pre-selects certain personality types that respond well to these 
conditions. 
Another factor Identified as relating to the nature of the project work had the opposite effect, 
decreasing general motivation levels for some individuals. It was reported that In a research 
project environment, work groups tended to comprise a small number of functionally 
specialised individuals, each charged with executing sub-tasks with different technical focuses 
requiring differing skills and knowledge. Although unifying collaborative or common goals and 
objectives governed the specification of sub-tasks, it was largely Individuals rather than teams 
that handled different aspects of the research project. The resulting experience of some 
project personnel was that the day-to-day working environment could at times be socially 
isolating. This phenomenon was independently reported within two of the three case projects 
studied, giving rise to the conclusion that whilst autonomous functioning is Important for 
morale, there is a comfortable level of autonomy beyond which increasing levels give rise to a 
sense of over-independence, social isolation and negative affective states that influence 
personal well-being. 
Other factors that influenced level of motivation included the degree of feedback information 
attainable, relevant to personal work products and activities, as a function of the collaborative 
environment that surrounds the project. It was commented that it was so MCUI metimes di it to 
get industry sponsors, stakeholders and possible users gon-board" and involved, In order to 
provide access to environments in which prototype tools and methods could be applied and 
tested, and that this generally had a negative impact upon morale within the project work 
group. The effects of this factor were likened to "working in a vacuum", with a limited sense 
that goals and values within the project were shared by its collaborating partners. 
Items B5 and B6 tested perceptions of the degree of beneficial formal training and positive 
informal experience received by project personnel through involvement within the project to 
quantify the level of human knowledge and competency gain as an outcome of the project. 
Responses encompassed conferences and safety courses mainly, with some structured 
personal development, but the point was made that as project work involved novel research, it 
was not possible to train specifically for the task, as the purpose of the research was to 
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develop new knowledge. The project work was described as *self-teaching", and as such was 
generally rated low in formal training (item 135) but high in positive personal expedences (item 
136). As one individual stated: "Research tasks are non-repetitive, every phase Is different 
Wth a multitude of different aspects involved, meaning that a wide breadth of personal 
experience is gained*. 
In considering the effectiveness of the work group climate and sense of productive 
collaboration that developed during project work (item E37), It was reported that general 
vAllingness to collaborate was high within the project team, but that only limited direct 
collaborative working on specific work activities took place due to the nature of the research 
task. In addition, reports of a lack of unification in overall goals within certain project work 
groups, representing a divergence in personal interests and perspectives that negatively 
Influenced project performance, further contributed to lower than might be desirable scores. 
Accordingly, Just above mid-range scores were recorded against this item. 
In discussions of where knowledge was contributed by the project and the value of that 
knowledge, in consideration of item B8, a general consensus across all three projects was 
that knowledge gain had been a successful outcome of project work activities, with papers 
and publications benefiting associated academic Institutions and proof of concept data 
benefiting industrial sponsors. Criteria that emerged for the estimation of the degree of work 
process improvement that had been performed during the course of the project (item B9) 
centred round recall of instances of adaptation in working and communication methods In 
areas that had been identified as needing improvement. These included planning processes 
for external communications made through conferences and journal publications, 
modifications to how the project was managed and frequency and format of technical review 
Inneetings designed to assess progress. For item BIO that assessed the degree to which the 
project was seen as exceeding formal requirements, criteria offered in support of ratings 
made included the level of innovation and flexibility in work processes and the extent to which 
developed tools could generalise and be applied outside of the domain in which they were 
originally intended. In the context of these discussions, 'flexibility' in working processes and 
project management was suggested as an additional outcome item for section B of the 
validation process, as it was not addressed directly by any of the other items. 
it was commented upon during the course of section B of the validation process that 
considerable overlap existed between certain items Wthin the evaluative instrument. Two 
such overlapping items were 1311 'innovation' and 1313'novelty, the latterbeing largelya sub- 
Rem or contributing factor to the former. In consideration of these items, a common 
conclusion was that research is, by its nature, a creative process; the areas that are targeted 
for research being new and unpredictable, so research products are by definition 'innovative' 
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In the sense that they are novel and experimental. Another possible area of ovedap was 
highlighted in responses to item B12 'Commitment and persistence', under which qualitative 
responses and criteria closely resembled responses given under Item B4 which addressed 
motivational factors. Responses to item B12 were justified in terms of instances of 
committed, persistent work such as response to major setbacks, continued development and 
finding hypothetical 'workarounds' in the face of a lack of customer feedback. Coping with 
resource limitations including strained human resources and overloading resulting from time- 
pressure were also reported as key factors influencing commitment and persistence. 
In response to item B13 regarding the level of novelty of the research product, general 
opinions were expressed that the 'proof of concept' or R&D nature of the projects meant that, 
by definition, the research products would rate highly In terms of novelty. This was largely 
found to be the case. It was pointed out that the objectives for the projects were derived from 
an Identification of 'need' or gaps in existing knowledge that formed the targets of research 
effort. At project start-up, the outcome of the research effort was unknown and therefore must 
be considered 'novel'. Sub-factors or cAteria raised in discussion of Item B13 Included the 
extent to which scoping analyses showed that hypothesised methods and tools had not been 
used before and assessment of how many other R&D organisations were working In the 
domain area. If the envisaged tools and development methods had not been used before, 
and few other R&D organisations were identified as working in the same area, the project 
focus and outcome was deemed to be 'novel'. Little or no objective criteria for the degree to 
which 'creativity' Within the project work group contributed to the effectiveness of the work 
product was identified, however. 
When considering the level of customer satisfaction reported for the project (item B14), the 
provision of continued funding was commonly cited as evidence of customer satisfaction. 
Qualitative criteria considered under item B15 supporting ratings of the extent to which the 
project could be considered to be 'world class' included number of accepted research 
publications, and invitations to present work, prestige of publications and conferences and 
breakthrough into foreign and world-renowned research consortiums. Ratings of the level of 
project management effectiveness (item B17) within the projects elicited several qualitative 
criteria to justify the scores given. Criteria included the level of subsequent changes to the 
project objectives following initial planning, and the effectiveness of identifying key research 
sponsors YAthin the customer organisation. Where it was considered there existed room for 
improvement in project management effectiveness, areas to address included pressing for 
increased collaboration with project stakeholders and increasing the degree of Integration 
between separate strands of work. 
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In response to qualitative item B18 'fulfilment of potential', only one of the three projects 
studied responded positively, stating that the diversification of project focus during the course 
of development had, in effect, allowed the project to deliver key knowledge in two areas, as 
opposed to the single area envisaged at the start of the project. The other two projects 
responded negatively, with reasons given including: work overload and high time pressure 
placed upon project leads, time taken for researchers upon the project to acquire the 
necessary background knowledge, lack of sponsorship and hampered access to Information 
within the customer organisation, and changing targets during project phases leading to 
inability to objectively evaluate progress. 
The last item in section B (item B20) asked respondents to give an overall estimate of the 
relative influence of soft, non-technical performance issues to hard, technical performance 
issues that had been experienced within the project. Figure 7.2e below depicts the 
proportional estimates given, which ranged from a slight bias (60%) to hard, technical Issues 
to 75% dominance of soft issues. In an attempt to generalise across all three projects, an 
aggregated proportional influence was calculated and expressed as a percentage. Across the 
three case projects studied, on average 55% of the problem or performance Issues 
experienced were considered to be 'soft' In origin, as opposed to 45% hard, technical Issues. 
Examples of technical issues given in consideration of item B20 included integration of 
research product with existing technological tools and the nature of the technical research 
domain. An example of a clear, soft issue identified at this stage was lack of unification within 
Me project work group. It was also commented that R&D efforts aimed at the development of 
process support tools, as was the case for each project studied, was likely to give rise to a 
strongly sociotechnical focus. 
What was perhaps surprising about the responses given to item B20 was the approximately 
equal prominence given to human and organisational, or non-technical factors, in determining 
performance outcomes within the projects, in comparison with technical issues. At this stage 
in the validation process, it still remained to be seen as to whether or not an equal proportion 
of project management effort was aimed at assessment and monitoring of soft performance 
factors within the project. Key findings from the soft metrics literature review and exploration 
of existing methods would suggest that a lack of process and tool support for soft, human and 
organisational issues, in comparison with technical 
issues, would make this unlikely. 
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"in your opinion, what proportion of the project's performance 
was influenced by 'soft, non-technical factors, relative to 'hard', 
technical factors? " 
SEP1 SEP2 SEP3 
50% 
Aggregated Influence 
50% 
Figure 7.2e: Estimated relative impact of 'hard'and 'soft'issues on 
case project performance 
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7.3 Validation results section C: Influence mapping exercise 
Qualitative and quantitative data from section C of the validation process, which incorporated 
the influence mapping exercise based upon the HOP modelling framework, is reported in this 
section. Two sample influence maps from the actual validation exercise are reproduced 
within appendix K to illustrate participants' actual responses on the HOP model template 
provided during the exercise. The actual data collected against items within section C of the 
evaluative instrument is included within appendix L. Throughout the influence mapping 
activity, it was critical to capture the rationale and logic behind the performance links that were 
being made within the model by respondents. This qualitative information is presented below 
in explanation of the figures that depict the resulting causal chains and influence weightings 
that describe soft performance processes within the case projects. Where information 
gleaned from the evaluative process explicitly 
identified or could be reasonably associated 
with a specific performance factor 
from the sample set provided, the corresponding 
identification number will be included within the text for ease of reference. The full sample 
performance factors set complete with reference numbers may be found in figure 5.1.1c of 
this thesis. 
50% 
2 
60% 
* Performance influence of'sofr, non-technical factors 
* Performance influence of'hard', technical factors 
200 
The Influence maps described below are structured according to c4itical performance 
preconditions identified within one or More of the case projects studied. Aftough 
Identification of critical preconditions within each project for the purpose of calculating specific 
weightings for the resulting influences was limited to a maximum of six, during the free causal 
chaining elements of the exercise that allowed respondents to experiment With linking 
performance factors Identified from the HOP model template to project performance 
outcomes, no such limit was Imposed resulting In a multitude of factors being Identified and 
commented upon. 
Across all three case projects studied, a total of seven critical preconditions were 
quantitatively analysed in depth using the set items within section C of the evaluative 
instrument (see appendix I for evaluative instrument). The critical preconditions Ident fi d fo i ie r 
this treatment were: P1.3 'Project complexity, P2.6.1 'Group knowledge, skills and abilities', 
P3.4 'Workload', P3.5.4 'Goal conflict', P4.1.2 'Collaborative culture,, P4.2 'Stakeholder 
characteristics' and P4.8.5 'Accessibility of senior sponsors'. Of these critical preconditions, 
P2.6-1 'Group knowledge, skills and abilities' was identified by two projects as a critical factor 
in Influencing performance outcomes within those particular scenarios. It should also be 
noted that factor P4.2 'Stakeholder characteristics' was identified at this higher level of 
abstraction to subsume all sub-factors, in particular P4.2.1 'Stakeholder availability and 
P4.2.2 'Stakeholder issue involvement'. 
Figure 7.3a below depicts the full causal influence chain for precondition factor P1.3 'Project 
complexity', which may be described as the perceived complexity inherent In executing the 
overall project work task resulting in uncertainty in project planning and control. Project 
complexity, as a performance factor, was identified as influencing several project performance 
outcomes. Increased levels of project complexity were described as impacting negatively on 
the quantity of work produced (01.4) and on schedule performance (01.1). It was stated that 
high project complexity resulted in increased workload per hour and necessitated a generally 
higher level of intensity of work, to achieve the same level of productivity experienced on less 
complex projects. In contrast increased levels of complexity in the project work task had a 
facilitatory effect upon knowledge gain (1-11) as an outcome of the project, in particular 
technical knowledge concerning the work product or system (1-11.2), organisational knowledge 
(H1.3) and the knowledge and skills of individuals working on the project (1-11.4). 
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Figure 7.3a: Influence of project complexity on human work and 
project perfoi7nance outcomes 
In terms of the human performance mechanisms that mediated the relationship between 
project complexity and project outcome, three activities were identified upon which all 
specified outcomes were highly dependent. Innovation in task performance (A1.1.3) 
necessitated by complex and uncertain project processes resulted in high levels of knowledge 
output from project work activities, but was not considered to be a critical activity for schedule 
performance. Project complexity was also considered to affect two human decision-making 
processes: analysis (A1.4.2) and formulation of effective solutions (Al. 4.3). These decision- 
making activities in turn impacted upon each of the specific project outcomes identified. The 
influence of complexity on decision making processes was described as resulting in continual 
re-analysis and shifting of understanding of key decision issues within the project. 
in rigure 7.3b below, the causal performance processes for the precondition P4.2 
'Stakeholder characteristics' is depicted. For the particular case project scenario that 
identffied this performance issue, it was considered necessary to subsume both P4.2.1 
'Stakeholder availability' and P4.2.2 'Stakeholder involvement' within the same single 
category, as represented in the diagram by factor P4.2. 
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Figure 7.3b: Influence of stakeholder characteristics on human work and 
project performance outcomes 
The availability and involvement in relevant project issues of key stakeholders was considered 
to have two pdmary influences upon dimensions of project success, namely schedule 
performance (01.1) and the quality of the product achieved (01.3). The nature of these 
influences was considered to be facilitatory in both cases; increased availability and 
involvement of stakeholders led to better schedule performance and enhanced product 
quality. This relationship was mediated by three human performance activities, including the 
coordination of project work tasks (A1.3), decision-making processes (A1.4) and the 
acquisition of evaluative information and feedback (A2.2.2). The ability to coordinate project 
work tasks effectively as a result of high stakeholder involvement was considered to enhance 
the quality of the end product and reduce the likelihood of schedule overruns. Stakeholder 
availability and involvement was also considered central to all decision processes executed 
within the project management team, contributing to more effective decisions as a result of 
increased information availability and more timely decisions. The importance of stakeholder 
availability to effective schedule performance was emphasised as a key contributor to project 
delays resulting from postponement of key decisions regarding problem issues that had 
arisen until key stakeholders were available. 
Finally, the importance of evaluative information 
and feedback provided by involved stakeholders 
for the project was stated as having a direct 
impact upon the quality of the end product. 
The presence and level of P4.1.2 'Collaborative culture' was identified as having an important 
influence on project performance, especially where close collaboration between project 
personnel and the customer organisation was required. The nature of the collaborative 
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culture present was linked to expectations for project work, and some minor cultural 
incompatibilities were reported between collaborating partners with respect to this issue. The 
influence map in figure 7.3c below illustrates the main sequence of influences involved, with 
two cultural outcomes implicated: H3.2 'Evolving norms' for operational functioning and H3.3 
'Trust' between collaborative partners. In both cases, where the project was undertaken in 
the context of a collaborative climate for cooperative working, this had a positive influence 
upon the dissemination of shared norms for working practices and level of trust between 
organisational entities. 
r Human 
Project performance :* Project DIRECTION OF 
Preconditions 
. 
activities Outcomes 
INFLUENCE 
Stakeholder 
ýimunication 
E Evolving Norms volN 
(H3.2) 
ý. l .2 
Collaborative 
Working 
Collaborative (A1.2.8) 
Culture 
Solution Formulation 
t H3 3 
] 
(A1.4.3) rL rus ( . ) 
IR ýi s,, kk/C risi s 
Management 
(A22 
Figure 7.3c: Influence of collaborative culture on human wor* and 
project performance outcomes 
The main mechanisms that were proposed to account for the effects of a collaborative culture 
on project outcomes involved several human activities including risk or crisis management 
(A2, J), the formulation of effective solutions to problems (Al. 4.3), collaborative working 
(A1.2.8) and communication with project stakeholders (Al. 2.1). In terms of trust between 
organisational entities as a desirable outcome of project operations, the expedence of 
effective collaborative working, achievement of successful, mutual decisions and experience 
of extensive communications was regarded as important. These same activities also led to 
the establishment of shared norms and mental models between collaborating partners. 
Two further critical preconditions: P4.8.5 accessibility of project sponsorship in senior 
management and P4.3 maturity of core engineering or process knowledge, were identified as 
important performance determinants which exerted their influence through people's ability to 
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communicate effectively within and outside of the project. Figures 7.3d and 7.3e below 
correspond to the influence of preconditions P4.8.5 and P4.3 respectively. 
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Figure 7.3d: Influence of accessibility of senior sponsors on human work and 
Project performance outcomes 
Increased accessibility of senior management sponsors was considered to have a facilitatory 
effect upon several project outcome variables, including: schedule performance (01.1), 
product quality (01.3), quantity of work produced (01.4) and job satisfaction (H2.1). The 
relationship between accessibility of senior sponsors and the performance outcomes was 
mediated in each case by the effectiveness of communication activities, subsuming various 
sub-factors representing internal project communications between personnel within the 
project work group and external communications with project stakeholders and sponsors. 
Enhanced communication with senior sponsors was therefore considered to enhance the 
project's operational achievements and contributed to increased levels of satisfaction 
experienced by members of the project team. 
The influence of precondition P4.3 core engineering or process knowledge (see figure 7.3e 
below) was primarily on knowledge outcomes and product quality, with a positive association 
in each case. Again, the relationship was mediated by communication activities (A1.2), 
highlighting the importance of shared mental models regarding systems and working practices 
for the ability to effectively communicate project issues and other relevant information within 
networks of project personnel and stakeholders. 
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Figure 7.3e: Influence of core knowledge on human work and 
project performance outcomes 
Through influencing human communication processes, the level of core engineering and 
process knowledge that the project can draw upon was reported to have an effect upon 
project outcomes 01.3 'Product quality', H1.2 'Technical knowledge', H1.3 'Organisational 
knowledge', MA the individual's knowledge and skills, and H1.1 development of work- 
process knowledge. 
The final causal influence map is depicted in figure 7.3f below and focuses upon the impact 
and performance processes associated with the level of goal conflict within the project work 
group (P3.5.4). Four specific project outcome factors were linked to the level of goal conflict 
wmithin the project work group, all negatively associated with increased goal conflict. 
Accordingly, decrements in product quality (01.3), level of trust (H3.3), experienced job 
satisfaction (H2.1) and continued work group viability and cohesion (H2.5) were identified as 
likely outcomes. Effects upon job satisfaction were associated with motivational processes 
within the workgroup (A2.3), which were negatively influenced by the presence of conflicting 
goals and objectives. The negative impact of conflict upon the ability to motivate personnel 
was also reported as having a detdmental effect upon product quality, the general working 
climate and the likelihood that the work group would be able to function at optimal 
effectiveness in the future. The presence of goal conflict influenced communication 
processes (A1.2) and decision-making processes (A1.4) within the project work group, which 
in tum were linked to quality, trust and work group viability outcomes. 
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Figure 7.3f, Influence of goal conflict on human work and 
project performance outcomes 
Quantitative sensitivity analysis of human performance processes within the projects yielded a 
multitude of data concerning the relative impact of critical project preconditions upon the 
human capacity to successfully engage in generic work activities. This impact was quantified 
as perceived influence, based upon experience within the project management environment, 
upon each of the following generic performance activities: task performance (A1.1), 
communication (A1.2), task coordination (A1.3), decision processes (A1.4), risk or crisis 
management (A2.1), performance control (A2.2), motivation and leadership (A2.3), training 
and group development (A2.4), work process improvement (A2.5) and change integration 
(A2.6). The influence rating in each case was made on a seven-point scale ranging from 0 
(no influence) to 6 (high influence). The figures that follow (figures 7.3g to 7.3i, inclusive) 
illustrate the considered impact of each precondition identified within the case studies as 
critical to project performance upon human performance activities. Within the figures, the 
absence of a connecting arrow between preconditions and activities indicates a '0' or 'no 
reported influence' response, and implies that the two factors in question are not related. 
Figure 7.3g below depicts the results from sensitivity analysis of the influence of 
preconditions P4.1.2 'Collaborative culture', P4.2 'Stakeholder availability' and involvement, 
and P4.8.5 'Accessibility of senior sponsors', on human performance activities. 
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Figure 7.3g: Sensitivity analysis of human performance activities 
to critical preconditions (A) 
From the results it is apparent that in the case project scenarios studied, the level of 
collaborative culture present exerted the greatest influence upon communication and work 
process improvement activities. No specific influence was identified for task coordination, 
performance control or motivation and leadership activities, and only a moderate influence 
was reported upon the remaining activities. Stakeholder availability and involvement gave 
rise to five influences out of a possible ten, with high criticality scores for the relationships with 
performance control, decision processes, task coordination and communication. Accessibility 
of senior sponsors only influenced four of the human performance activities with the highest 
criticality rating achieved for communication activities. 
Fiqure 7.3h below presents sensitivity analysis of preconditions P1.3 'Project complexity', 
P2.6.1 'Work group knowledge, skills and abilities', and P3.4 'Workload'. Responses here 
show that project complexity achieved the maximum criticality rating for its influence upon 
task performance and decision process activities with moderate scores for performance 
control and risk management. No association was reported between project complexity and 
motivational or training processes. 
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Figure 7.3h: Sensitivity analysis of human performance activities 
to critical preconditions (B) 
The level of project-relevant skills and knowledge within the project work group was rated as 
having the maximum possible impact upon people's ability to execute tasks effectively, with 
moderate to high influences upon communication and decision processes within the project. 
Other influence ratings were relatively low with no reported association with performance 
control activities. The level of workload experienced 
by project personnel was rated as 
maximally impacting upon task performance capability and also had a relatively large impact 
upon performance control activities. 
No influence was reported for the workload precondition 
upon training and group development activities. 
The final sensitivity analysis diagram (figure 7.3i, below) depicts influence weightings for the 
second instance of precondition 
P2.6.1 'Work group knowledge skills and abilities', which 
occurred Within analysis of performance processes within the case projects, as well as the 
influence of P3.5.4 'Goal conflict'. As in the previous instance, work group knowledge and 
skills was rated as highly critical to successful 
task performance and decision-making 
processes, giving an indication of some consistency 
in effect across two of the three case 
projects studied. The level of goal conflict within a project was rated as having a strong 
influence upon communication activities, decision processes and work process improvement, 
with little effect upon task performance or 
training and group development activities. 
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Figure 7.3i: Sensitivity analysis of human performance activities 
to critical preconditions (B) 
The data obtained in the sensitivity analysis performed in section C of the validation process 
may be employed to inform risk analysis activities within broader project planning and control 
activities. Application of the HOP modelling framework in this way allows project 
management to consider the impact of soft issues and human or organisational factors in 
scheduling and resource-allocation processes. 
In the table in figure 7.3j below, the data obtained in the sensitivity analysis of the impact of 
critical preconditions on human performance activities is compiled against each of the ten 
generic activities within the model. The work activities within the table are ordered by the sum 
or overall strength of incoming influences identified within the case project scenarios, to 
prioritise which activities are likely to give rise to soft performance problem issues Within the 
project (expressed as 'dependency level', within the table). The high priodty work activities 
may therefore require additional resource support (i. e. allocation of additional time or 
additional human/technical/financial support) and should be flagged for close monitoring by 
project management and performance control processes. Each of the human work activities 
Within the table is also assigned a number relating to the number of identified incoming 
influences from the sensitivity analysis reported above. This figure represents the extent of 
dependency of the specific work activity under consideration upon precondition and 
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contextual factors, and may be taken as an indicator of how complex any performance Issues 
arising within that activity are likely to be In terms of causal origin. 
Priority Human performance activity 
Dependency 
level 
Number of 
dependencies 
T%l. 1 Task performance 30.7 _ 7 
2 A1.2 Communication 30.3 
3 A1.4 Decision processes 30.3 
4 A2.1 Risk/crisis management 20.6 7 
5 _ A2.2 Performance control 19.3 6 
6 _ A1.3 Task coordination 17.3 6 
7 A2.3 Motivation and leadership 13 5 
8 A2.6 Change integration 12.7 6 
9 A2.5 Work p ocess improvement 11 3 
10 A2.4 Training and group 
development 
10.3 4 
Figure 7.3J., High dependency human performance activities 
In case project scenarios 
As can be seen from the table, for the case project environments studied, the three human 
performance activities that are most dependent upon conditions within the project work 
environment are task performance, communication and decision processes, each with 
dependency levels in excess of 30 (out of a possible 48). These three activities also show 
high complexity in causal origin, with either 7 or 8 critical dependencies (out of a maximum of 
8 possible dependent preconditions). Low priority human performance activities include those 
concerned with training or development, and work process improvement. In this manner, 
analysis of risk associated with likely soft human performance Issues Is achieved and the 
specific human activities associated with project work that are likely to be critically dependent 
upon conditions and contextual factors within the project work environment are Identified. 
Further risk analysis may be made to aid in project planning and control based upon data 
collected against items CI and C2 of the evaluative instrument, for each critical precondition 
factor identified. This approach embodies a two-factor theory of risk based upon estimated 
criticality of project precondition for successful project performance (item CI) and estimated 
frequency of occurrence of issues associated with a precondition. Preconditions can 
therefore be spatially related to one another according to scores against these two 
dimensions in the framework provided in rigure 7.3k below. 
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The four quadrants labelled A to D within figure 7.3k represent differing levels and types of 
risk associated with potential conditions in the project that are known to give rise to soft 
performance issues. Quadrant A represents high risk factors, which have the potential to 
exert a large influence upon project performance outcomes and which are likely to occur 
frequently. Quadrants B and C represent medium risk conditions, with quadrant B factors 
being high in potential impact, but low in likelihood of occurrence, and quadrant C factors 
being highly likely to occur, but low in potential impact. Quadrant D %Mthin the figure 
represents the lowest risk condition and performance issues associated with factors located 
here are both unlikely to occur very often and will have limited impact upon performance when 
they do occur. 
As can be seen from figure 7.3k, the seven separate preconditions identified within the case 
projects studied are all located within or close to the high-risk quadrant A of the figure. This 
result is to be expected as respondents during the validation process were asked to identify 
the most performance-critical preconditions relevant to their project for sensitivity analysis. If 
project management were forced to address a pre-defined set of performance precondition 
factors in this way, the likely result would be a much more even distribution of precondition 
factors across the entire figure. The priority precondition factors can, however, still be 
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Figure 7.3k: Risk analysis of potential soft performance issues associated 
with critical preconditions in case project scenarios 
Identified within the figure, by comparing distance from the upper right comer of quadrant A; 
the shorter the distance, the greater the risk of performance Issues within the project 
associated with the precondition. Accordingly, priority order assigned to the preconditions 
identified within the case studies is as follows: 1) P4.2 'Stakeholder availability and 
Involvement', 2) P2.6.1 'Work group knowledge, skills and abilities', 3) P1.3 'Project 
complexity', 4) P3.4 'Workload', 5) P4.8.5 'Accessibility of senior sponsors', 6) P3.5.4 'Goal 
conflict', and 7) P4.1.2 'Collaborative culture'. 
Finally, although time constraints during the validation process meant that only a limited 
number of performance factors could be identified and undergo In-depth sensitivity analysis, 
the Influence mapping exercise Yielded a wealth of qualitative Information, which was 
recorded by the researcher, during discussions elicited by consideration of potential 
performance processes within the HOP model template. This information was later analysed 
for themes and relationships to specific factors within the sample performance factors set, in 
order to gain an indication of how comprehensive the generic model was and how applicable 
its factors were to the specific case scenarios studied. Figure 7.31 below presents the 
complete performance factors set, with factors that were identified either directly or indirectly 
during the case studies as performance influences highlighted in red. As can be seen from 
the figure, approximately three quarters of the factors specified (71 of 109 possible factors; 
77%) may be considered relevant and applicable to the specific case scenarios encountered. 
On the basis of this result, the nature and focus of the performance factors specified within 
the HOP model may be regarded as relevant to the application domain for which It was 
intended, and contains sufficient redundancy to usefully accommodate a broad range of soft 
issues that may occur in potential project scenarios encountered. 
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Figure 7.31: HOP model performance factors implicated through 
qualitative analysis of systems engineering project case studies 
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7.4 Validation results section D: Sample metrics 
The results for items within section D of the validation process are recursive In nature; applied 
to each soft metric that was presented to respondents In order to Illustrate how key critical 
precondition variables identified in the preceding section for each case project could be 
quantified in actual project operations. In total, seven specific soft metrics, and associated 
measurement methods were outlined to participants across all three case projects. The 
critical preconditions with which these measures were associated Included: P1.3 'Project 
complexity', P2.6-1 'Knowledge, skills and experience', P3.4 'Workload', P4.1.2 'Collaborative 
culture', P4.2 'Stakeholder availability and involvement', P4.8.5 'Accessibility of senior 
sponsors', P4.1.1 'Trust between organisational entities. 
In order to measure the level of project complexity, the project uncertainty profile scale (see 
metrics, Inventory in appendix H; sub-factor P1.3) was implemented, comprising detailed 
descriptions of four ascending levels or types of uncertainty present within a project. 
Participants then rate the degree to which each class of uncertainty Is present within their 
project based upon the descriptions provided. For knowledge, skills and experience within 
the project work group, the task specific skills and knowledge measures (sub-factor P2.6.1) 
were applied, comprising a technique based upon weighted averages which allowed project 
management to prioritise specific skill or knowledge areas in their selection of Individual 
project work group members, in addition to various scales for quantifying adequacy, depth 
and redundancy of knowledge within the work group. Workload was assessed using a simple 
equation (sub-factor P3.4), which divided time required for a specific task by time available. 
The resulting index indicated acceptable workload where the value achieved was above 1, 
and increasing levels of unacceptable workload present where values fell increasingly below 
I 
The collaborative culture variable was operationalised in a measure that employed several 
sub-items against which project managers and relevant personnel could rate the presence or 
absence of specific sub-factors presumed to be effective indicators the degree to which a 
collaborative culture existed within the project environment (sub-factor P4.1.2). The measure 
implemented to quantify trust between organisational entities (sub-factor P4.1.1) was also of 
this type. The measure of stakeholder availability and issue involvement outlined to 
respondents during the validation process (sub-factor P4.2) included a list of parameters that 
could be quantified based upon presence of stakeholders in key project communications, 
coverage of key project issues within stakeholder group and perceived degree of shared 
values or interests relative to project objectives. Accessibility of senior sponsors (sub-factor 
P4.8.5) was assessed by comparison of time available of target sponsor against time 
requested by project team and subjective assessment of quality or adequacy of involvement. 
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Only item D1 of section D in the evaluative instrument was quantitative in nature and asked 
respondents to rate the effectiveness of each measure presented. Figure 7.4a below 
presents the aggregated results across all three case projects against each of the measures 
that were suggested to project personnel as suitable for quantifying the critical preconditions 
in question. As can be seen from the figure, the most favourable effectiveness ratings were 
achieved for work group knowledge, workload, stakeholder availability and accessibility of 
senior sponsors metrics, which each scored 8 out of a possible 10. The project complexity 
measure also scored highly (7/10). Effectiveness scores against the metrics proposed for 
collaborative culture and trust between organisational entities achieved only mid-range 
scores. 
P11 3 Pro*t CornPlexitY Scale 
p2 6.1 KrowledgWSkills/Experience 
P3 4 Workload 
P4.1.2 Collaborattw cufture 
P4 2 Stakohokiff availability and 
, nN*K*Mrit 
pA 85 Accessblity of senior sponsors 
P4 II Tnjst between orgarmsational 
ontybes 
Figure 7.4a: Effiectiveness ratings Of sPecific soft metrics 
in project case scenarios 
Scoring of the effectiveness of the project complexity scale was generally high (7/10) and 
respondents stated that level of uncertainty was a valid indicator of the presence Of 
complexity within the project. It was commented that the case project in question did indeed 
exhibit uncertainty of more than one type according to the classification within the scale and 
that high technological variation and changing objectives as the project developed meant that 
there was some risk associated with uncertainty, and that the scale provided a useful indicator 
for risk analysis purposes. It was also considered that had the overall method embodied in 
the metric included clearer control and remedial strategies, the effectiveness ratings achieved 
would have been even higher. 
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In response to items D2 to D4, which considered the feasibility and benefits of using the 
measure, as well as where in the project lifecycle the metric could be applied, respondents 
unanimously reported that had it been available they would have used the complexity 
measure in practice. Application early in the project lifecycle was reported as being 
envisaged as useful to predict complex aspects In advance, although it was acknowledged 
that the case project currently had the benefit of hindsight in rating uncertainty In project 
management and control processes. It was generally considered Important to apply the 
measure to assess the impact of and in response to changes In project conditions. Other 
respondents viewed the measure as applicable during early planning and at project reviews, 
and predicted the measure's usefulness in supporting prediction of schedule parameters for 
the project work plan, highlighting this metric as a possible indicator of schedule performance. 
In terms of potential benefits, the measure was considered important In understanding the 
need for certain review sessions and would have contributed to the accurate assessment of 
risk associated with project complexity. Specific applications reported included In project 
applications for resources and as evidence of problem issues arising in the project at reviews. 
The applicability of the measure was considered to be dependent upon project size and 
respondents considered it even more applicable in large-scale projects with large, 
complicated work breakdown structures. 
The metric proposed to quantify task relevant knowledge, skills and experience achieved a 
high rating (8/10) in terms of its foreseen effectiveness in application. In terms of qualitative 
comments elicited by this measure, it was considered adequate in content for assessing 
eAsting knowledge, but lacked content concerning assessment of Individual's ability to 
develop new knowledge, as was normally achieved during the interview process for 
candidates. For research and development projects, this characteristic was considered 
important. Despite this shortcoming, respondents largely considered the measure useful and 
would have employed it at project planning phases, as no other more adequate measures 
could be identified. The measure could also have been used in response to problem issues 
arising within the project as a result of a knowledge gap and in human resource planning, 
particularly in response to changes in the human resource configuration. It was considered 
that the measure may have facilitated the formulation of staff succession strategies and would 
decrease risk associated with loss of key staff within the project, through monitoring the 
knowledge available to the project work effort throughout the lifecycle. 
The workload measure was also considered highly effective (8/10) and respondents within 
one of the case projects reported using a similar technique routinely to quantify workload. 
The metric was reported as applicable to project and resource planning phases, and would 
have been useful to detect the human impact of changes in the project environment that 
occurred due to resource availability. It was pointed out that this measure could be related to 
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assessments of skill adequacy, as workload and knowledge adequacy were related: low 
knowledge adequacy resulting in higher workload. To the extent that the measure does not 
specify direct links to knowledge adequacy assessment, this may be considered to be a 
limitation of the metric. In terms of the benefits of using this measure, It was reported that 
measuring workload made it easier to predict human resource problems within the project, but 
that workload as a performance factor was difficult to control. Two possible responses to 
application of the measure in the case project environment were reported, Including: 
Identification of necessity to revise the work plan when workload levels reached impractical 
proportions, and data gathered could have been used to support negotiation of schedule 
parameters with the project customer. 
The collaborative culture measure scored a mid-range 5 out of 10, In terms of envisaged 
effectiveness. The content of the sub-factors and individual items was considered to be 
strong in some areas and weaker in others, particularly regarding the assessment of 
Compatibility in performance expectations between collaborating partners. The measure was 
considered applicable at project onset and in retrospective application, to look back over 
project history. As with the complexity measure, this metric was considered to be dependent 
upon project scale and hence more applicable in larger projects with multiple collaborating 
partners. 
13oth the accessibility of senior sponsors and stakeholder availability and Involvement metrics, 
were rated as highly useful (8/10), and respondents reported that they would have used both 
measures had they been available to their projects. The metrics could have been applied at 
project onset to assess the adequacy of the stakeholder communications plan and senior 
management sponsorship, or in response to communication issues that arose during the 
course of the project. Potential benefits from using the measures included application at 
periodic reviews to assess the ongoing adequacy of stakeholder and senior management 
input for key project issues and it was thought that tracking data associated with the 
measures would ensure project interests were represented and sponsored throughout the 
course of the project at varying levels within the organisation. 
ral s ; ore in The measure of trust between organisational entities received the lowest ove IC 
terms of predicted effectiveness (4/10). Respondents commented that the measure on a 
whole was useful in raising an issue that wasn't normally assessed directly, but that in the 
absence of historical evidence of past collaborations it was difficult to objectively assess the 
degree of trust present between organisational entities. One criticism levelled at the measure 
was that its sub-factors seemed to exclude contextual factors such as high workload and 
unclear role definitions that might erode openness and trust between collaborating entities. In 
terms of application, reservations were expressed as to the practicality of the measure due to 
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Its subjective status, although it was acknowledged that trust as a performance factor was 
very dynamic and a product of social context. It was reported that the measure could have 
been applied at project onset and in response to collaboration problems that arose, but would 
probably be more suited to very large-scale enterprises in which many organisations 
collaborated. Limited benefits were reported for this measure, Including the ability to analyse 
projects retrospectively by comparing data gathered at project onset and project close, and 
the possibility of establishing the potential for resulting communication conflicts early on in the 
project as a result of trust and information disclosure issues. 
7.5 Validation results section E: Overall evaluation 
Section E of the validation process elicited qualitative and quantitative data concerning the 
overall usefulness of the soft metrics tool: the HOP modelling framework, sample 
performance factors, soft metrics and application process. Section E also Incorporated Items 
designed to assess the suitability of the methodology and resources employed during the 
validation process itself. The evaluative items used during section E of the validation process 
are reproduced within appendix I of this thesis and the actual data collected during section E 
may be found in appendix L. 
A summary of the combined results across all case projects for section E of the validation 
process is presented below in rigure 7.5a. As can be seen from the figure, the majodty of 
scores for items E1-4, which assessed vadous dimensions of usefulness for the soft metdcs 
tool, were in the region of 7 out of a possible 10. Item Ell case specific usefulness scored 7.1, 
item E2 scope and comprehensiveness scored 6.9 and item E4 overall effectiveness also 
scored 6.9, with the score for practicality and feasibility (item E3) failing to 5.7. Within Items 
E5-8. which addressed the adequacy of the methodology, high scores were achieved for item 
E5 communication of aims (8.6), item E6 plan clarity (8) and item E8 detail level (8). 
Accessibility of language and terminology used (item E7) was rated slightly lower with a score 
of 6.9. 
Qualitative responses to item El were positive, with several respondents commenting that the 
exercise uncovered issues within their projects that weren't normally addressed during 
conventional project review processes. The exercise was generally considered useful in its 
ability to provoke discussion regarding soft performance Issues and In providing a structured 
approach to uncovering performance processes that weren't normally *out in the open", within 
the project management environment. In terms of the scope and comprehensiveness of the 
soft metrics; tool (item E2), comments included recognition of the fact that specifying a set of 
performance factors that could be applied to all possible projects was a difficult task, but 
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generally the human and organisational factors included within the sample performance 
factors list was comprehensive and accounted for a broad range of conceivable soft issues. 
The actual definitions employed within the performance factors list was highlighted as a 
potential problem area, conceivably provoking disagreement over exact description of specific 
factors, but it was acknowledged that in this case the sample factors specified did provide a 
useful frame of reference. 
10 Point Scale (Low to Kgh) 
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Item E3 practicality and feasibility elicited the lowest ratings of all the items within section E of 
the validation process, but still achieved above mid-point scores. The time-intensive nature of 
the soft factors analysis and influence mapping activities were highlighted as a determining 
factor here. It was commented that the current business environment considered project 
management activities "operational overheads", and as such the additional work involved in 
incorporating processes to analyse soft factors may be viewed unfavourably. As an early pilot 
process for analysing important performance factors within project environments and 
exploring critical influences, however, the exercise was considered useful and effective. It 
was also considered that the inclusion of clear decision-making and improvement processes 
linked to the activities in the analysis process would increase the feasibility of introducing the 
proposed solution into applied project management practices. 
in consideration of overall effectiveness, respondents were prompted to consider both the 
practicality and potential benefits of the approach in combination before making their 
responses. Despite the time intensive nature of the process in its current form, responses to 
Rem E4 of the evaluative instrument were relatively high, due largely to consideration of the 
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Figure 7.5a: Evaluative ratings of integrated soft metrics too/ 
and application process 
potential benefits of a tool that supported analysis and measurement of soft Issues within 
operational projects. Some respondents "weren't entirely convinced", but acknowledged that 
the process and outcome was "interesting" from a project management perspective. Others 
stated that the process had the potential to lead to *great Improvements", once It had been 
properly integrated within the project lifecycle. In considering the benefits of the approach, 
under item E4, the general consensus was that the approach was progressive In that It 
provided a structured process for the analysis and measurement of broad soft Issues Inherent 
in operational project environments, reducing the reliance upon "heated debate of specific 
issues* to address less visible and objective performance parameters. 
In terms of the adequacy of the methodology employed during the validation exercise, as 
tested by items E5-E6, favourable results were achieved for most measures. The 
communication of aims (item E5) was considered well explained and clear, with an effective 
discussion of issues relevant to soft factors and the HOP model. In terms of the clarity of the 
plan (item E6), it was acknowledged that the activities formed a complex process but overall 
the purpose and content of each step was clear. The limited time allocated to each activity 
was highlighted as a potential problem issue and it was suggested that this problem could be 
further alleviated by the distribution of more documentation and preparatory material prior to 
undertaking the actual exercises. Overall, the language and terminology (item E7) used 
within the process and associated materials was considered clear, well explained and 
appropriate for a project management level audience and the level of detail (item E8) was 
considered adequate. 
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Section 8 
DISCUSSION OF KEY RESEARCH 
FINDINGS AND ISSUES 
This section includes detailed consideration of conclusions drawn during the course of the soft 
metrics research project, relevant to development and evaluation of the proposed soft metrics 
tools and approach outlined in this thesis. Research findings are discussed in the context of 
the research objectives identified in section 2.4 of this thesis. Analysis of the results of the 
validation process is included within section 7 of the thesis and the sections that follow below 
discuss broad development issues and draw together research findings that emerged 
throughout the course of the soft metrics project. 
Consideration is first given to the outcome of the research effort in terms of the original 
assumptions and values inherent in the engineering project management culture encountered 
within BAE SYSTEMS, which influenced the original project brief. The following topic areas 
representing development issues for soft performance measurement systems arising from the 
outcome of the research effort are then discussed in depth: definition and classification of soft 
factors, human outcomes of work systems, modelling soft performance processes and 
measuring human and organisational factors. This section culminates in discussion of the 
feasibility and utility of the developed metrics tool and modelling framework for application in 
the industrial context based upon research findings, before key research conclusions from this 
project and implications for future work are summarised in section 9. 
8.1 Development of research assumptions 
As a preamble to detailed consideration of development issues for soft performance 
measurement systems in light of the findings of the soft metrics research, this current section 
voll address broad issues concerning the development of perspective on the soft metrics 
research problem from the original conception and assumptions of an engineering project 
management culture. Departure from the original conceptualisation of the research problem, 
as inevitably occurs in response to new experience and enhanced understanding of the 
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problem gained as the research progressed, impacted upon the course the research work 
took and the eventual form of the research output. 
As has been outlined in an earlier section of this thesis (section 2), the terminology and 
culturally-determined assumptions of the industrial context for this research work have had a 
profound influence upon this human factors enquiry, through definition of the project's 
principal focus -and imposition of certain industrial requirements upon what might otherwise 
have been a wholly academic piece of research employing methods more traditional In the 
human sciences domain. The industrial requirement to validate the developed approach In 
terms of applicability in systems engineering project operations Is one such Important 
influence that shaped the final phases of the research plan. More importantly, however, as the 
research progressed it became necessary to move away from a solely 'engineering metrics, 
based solution to one that relied upon an analytical, model-driven approach to act as an 
integrative high-level framework for lower-level measurement efforts. 
In terms of the objectives for the research project, the term "soft metrics' is itself born of an 
engineering project management mindset that embodies a number of assumptions 
concerning the inherent 'definability' and 'measurability' of soft factors that might form a 
bounded and clearly understood set of project parameters for repeated measurement at 
performance reviews. Issues raised through the experience of attempting to develop such a 
metrics program, as discussed in depth in the following sections, highlights the limitations of a 
conventional 'engineering management metrics' approach to the Issue of controlling human 
performance in organisational systems. The broadening of scope of the soft metrics research 
project that occurred gradually through refinement of the objectives for the metrics work to 
encompass a framework or model-driven approach to performance analysis, in addition to 
defining Imetrics', reflects this departure from the original assumptions regarding the project. 
Some incompatibility between the aims of defining a finite set of simple, repeatable data items 
to provide process indicators of the likely outcome of human work, for the 'soft factors' 
identified in this research work, is also evident from the complexity of many of the 'soft 
metrics' developed. In view of the evolution of assumptions inherent in the original soft 
metrics project definition, the research appropriately sought to develop a more constructive 
approach to soft performance issues in providing an analytical process and tools for 
investigation of soft, issues' within project work groups and selection of appropriate measures 
based upon the output of this process, rather than application of a limited and prescriptive 
metrics set that is in danger of addressing soft performance issues on a superficial level. 
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8.2 Definition and classification of soft performance factors 
The sheer volume of separate constructs that have been proposed in relevant literatures as 
human and organisational performance determinants indicates high complexity in antecedent 
process factors and conditions that may conspire to affect human system output. Experience 
within conceptual modelling of performance processes undertaken during the course of the 
soft metrics research project suggests that complexity in sociotechnical factors not only 
challenges the researcher to establish the exact nature of what are highly Interactive 
processes, but also hampers clear definition and conceptualisation of factors that may be 
classed according to varying taxonomies. Accordingly, the operational definition of 'soft' 
human and organisational factors employed in this project encompasses several conceivable 
classes of variables, according to perspective and purpose of classification. Examples of 
non-mutually exclusive classes that describe the range of soft factors considered within this 
project alone included: individual-level factors that vary at the personal level, team or unit 
level characteristics that describe social groups, organisational-level characteristics, external 
environmental characteristics, controlled and uncontrolled or contextual variables, objectively 
determinable criteria and subjective perception-based factors, tangible and intangible factors, 
result/dependent or determinantrindependent variables, activities and behavioural variables 
as opposed to 'state' variables, and system 'preconditions. 
In terms of defining the focus and purpose of the project performance factors that a soft 
metrics; system must address, the soft metrics research effort implicates 'process' variables as 
opposed to outcome' variables in purpose and 'human and organisational' factors as 
opposed to 'technical' factors in focus. Review of relevant literature reveals that complexity in 
systems engineering products, the work processes that are implemented to achieve them and 
the broader organisational environment means that the challenge for performance 
measurement systems lies in the provision of proactive process measures that indicate the 
'health' of work systems at intermediary periods in the work-flow, rather than retrospective 
outcome measures of characteristics of the work product. Application of the HOP modelling 
framework to analyse performance influences in operational systems engineering projects 
shows that human and organisational variables, including knowledge-based assets and so- 
called intangibles', represent an important sub-class of these 'upstream' performance 
determinants, the effects of which need to be better understood to support enhanced 
organisational effectiveness and improve the quality of work processes. 
In answer to requirement 1 a: 'define possible human and organisational performance factors 
fic and key mechanisms of influence', this research project has identified a number of speci I 
human and organisational factors (reported in section 3.3) that research literature links to 
dimensions of operational performance and organisational effectiveness, including: team 
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composition, human knowledge and experience, work group climate and cohesion, 
leadership, level of functional autonomy, task and goal characteristics, workload, conflict, 
motivation, communication, and decision-making processes, amongst others. In terms of 
specifying outcome factors that represent key performance dimensions or success criteria 
from the operational viewpoint, characteristics related to delivery of the product, such as cost, 
time and quality were identified as the dependent variables of Interest. Research literature 
derived performance factors were complemented and refined according to findings from an 
industry scoping study (reported in section 4.1 of this thesis) and three validating case 
studies (reported in section 7) for the emerging soft metrics tool and approach. These 
applied studies contribute the practical evidence for the relevance of the human and 
organisational performance factors that define the focus of this thesis, in response to 
requirement ib to 'investigate the presence and impact of human and organisational factors In 
operational industrial projects'. 
Within the specific project management environment reported in the scoping study, the project 
management team highlighted the potential impact of 'soft' factors such as trust between 
organisational entities, stakeholder communication and availability, the organisational and 
inter-group environment, the level of autonomy assigned to management teams, team 
composition and cohesion, and human motivation, on the overall performance of the project 
and its ability to achieve specific cost, time and quality-related commitments. The projects In 
the validation studies commented upon the influence of many human and organisational 
factors upon overall performance and selected several for in-depth analysis according to their 
considered prominence, including: the complexity inherent in the project, work group 
knowledge and skills, individually experienced workload, goal conflict, collaborative culture, 
stakeholder characteristics and accessibility of senior management sponsors. A key finding 
from the project case studies used to validate the soft metrics tool was that over half of the 
performance issues project management encountered in executing the projects were related 
to soft, non-technical as opposed to technical factors. This finding echoes that of Dinsmore 
(1990), who reports a similar proportion of project performance issues that are attributable to 
'behavioural', people factors. An important conclusion from this research project is therefore 
that Soft issues' is a valid topic for project performance management efforts and that 
knowledge of the potential impacts of softer issues upon project performance is available to 
research which provides a structured approach to eliciting knowledge from experienced 
project managers and personnel. 
The preconditions identified within the case projects outlined above were found to influence all 
operational success criteria for the project and a variety of 
'softer outcomes, including: job 
satisfaction, trust, work group viability and cohesion, 
knowledge contribution, evolved working 
practices and team capabilities. The performance processes characterised by the causal 
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sequences identified between these critical preconditions and outcome factors were found to 
represent 'soft' performance issues within the projects studied, as was evident from the 
impact of project conditions upon several aspects of human functioning within the project work 
environment, including predominantly: task performance, decision processes and 
communication, to identify the most commonly occurring behavioural factors. In view of these 
findings, it must be concluded that the soft metdcs research project was successful In 
identifying soft performance factors and their potential influences upon project success within 
the four applied industrial scenados studied. 
As this project dealt with 'human systems', the variables identified during its course 
represented factors that operate across all levels of an organisation, including human 
characteristics, group level characteristics and organisational level characteristics. Motivation 
level, for example, may be a personality-determined factor that is experienced by the 
individual. It may also be considered to be a characteristic of a work group or organisational 
unit (i. e. general morale). Knowledge and skills may also be treated in the same way, as 
traits inherent at the individual level or as an aggregated skills profile that describes a work 
group, or even networked knowledge and core human competencies at the organisation-wide 
level. The key issue in the development of a practical representational framework within 
which to classify potential performance factors is the issue of control and boundaries. The 
identified users for the output of this work, 'project managers', require the ability to navigate 
through the soft performance factors set and identify specific aspects of the project 
environment and characteristics of the project work group for manipulation in order to 
practically support process improvement. Accordingly, in specification and classification of 
the performance factors set which fed into the development of the HOP modelling framework, 
the boundary representing the 'system of interest' was established as the 'project', with 
system output being that of the 'project management team'. 
Having established this guiding knowledge from an early scoping study of industrial 
operations, the performance factors identified from the literature review and applied studies 
are classifiable according to boundary and control issues. In this sense, 'preconditions' 
represent system state, both within and surrounding the project sub-organisation, with the 
, project' preconditions including characteristics of the work group and the way the project work 
was organised being, in theory, available for manipulation in order to achieve facilitatory 
performance effects. 'Outcomes' represent criteria for detection of the expected results of this 
manipulation within the project Organisation, and 'human performance activities' represent 
behavioural factors that describe the actual functioning of people at work in the industrial 
project environment. The soft metrics research study therefore shows that providing a 
structured framework for classification of key performance variables is an Important step in 
achieving proactive control of soft systems to support performance improvement efforts. 
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Through conceptual classification, performance control activities can Identify Important 
systemic factors at project planning phases and relate them to potential effects upon human 
functioning that will impact upon execution of the project plan. 
8.3 Human outcomes of functioning in work systems 
The CAP1 industry scoping study reported in section 4.1 of this thesis revealed that central to 
the interests of engineering organisations is the core knowledge of how to manage technical 
issues and technical dependencies in operations activities. This need arises from the high 
level of complexity in systems engineering products and demands high levels of technical 
competency. The ability to integrate across functional boundaries in order to fulfil complex 
technical and functional requirements is, however, a 'soft' organisational Issue that demands 
competency in the management and execution of work processes. The characteristics of 
work processes and other contextual factors influence how effectively humans can function 
vvithin their work environment. From a soft systems perspective, it is the effectiveness of this 
human functioning within the work process that is partly responsible for technical achievement 
in the qualities of the project work products. 
A key conclusion that may be drawn from experiences within the soft metrics research project 
is the need for broader outcome or success criteria for the evaluation of effectiveness in work 
group-based functioning, that expands the scope of performance measurement beyond 
formal cost, quality and time dimensions to encompass 'softer outcomes that represent 
human capability development. From reviewing variables classed as 'outcomes', in a number 
of models, it becomes apparent that any attempt to measure and manage human and 
organisational factors influencing performance must not consider the productive output 
dimensions related to cost, quality and time in isolation. Recent research into workgroup 
performance factors, for example, tends to employ a broader definition of 'effectiveness' in the 
consideration of outcomes from work group functioning (e. g. Guzzo and Dickson, 1996; 
Unsworth and West, 2000). A work group's effectiveness may be indicated by team-produced 
outcomes, the consequences a work group has 
for its members or the enhancement of a 
work group's capability to perform effectively 
in the future. Brodbeck (1996) distinguishes a 
sub-class of performance outcome: 'productive output', and also 
includes Isocial criteria' such 
as willingness to work together and 'personal criteria' such as group member personal 
development. Investigation of soft performance issues arising in the case projects studied 
within this current research supports the need for 
inclusion of 'softer' performance outcome 
criteria in performance measurement systems, as 
is implied by these authors. 
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Other authors have emphasised task completion as the sole or dominant indicator of work 
group effectiveness, being the most important outcome of employing group-working practices 
from the organisation's perspective. This approach, however, represents a predominantly 
, top-down' oriented view, in which work groups are largely dehumanised sub-units of an 
organisation, with the sole purpose of serving predefined organisational or customer-focused 
goals. It ignores the view that organisational systems are comprised of human elements and 
that organisational effectiveness is in part a function of the capability that exists within the 
human system, and that this capability develops in practice with the acquisition of new skills, 
knowledge and experiences on both the group and individual level. 
The task-oriented approach to success criteria ignores the fact that work groups rely upon 
human interactive processes that can influence and are themselves influenced by the 
outcomes of work group functioning. This is evident from the successful application of the 
HOP modelling framework to analyse soft issues in operational projects and the finding that 
outcomes such as new knowledge, work group cohesion and cultural norms were regarded as 
important performance factors. Social interactive factors such as intra-group conflict was 
found to facilitate the creation of valued work group output, or may result in the breakdown of 
group cohesion and subsequent loss of productivity. The findings from this research study 
therefore lend support to the work of authors such as Tannenbaum, Salas and Cannon- 
Bowers (1996), who not only define work group effectiveness in terms of how well the team 
accomplishes it's goal or mission (usually in terms of the quantity and quality of productive 
output), but also in terms of its ability to develop and regenerate itself, allowing it to sustain its 
performance and accomplish its mission over a period of time. Considering human-related 
output from functioning in organisational systems, such as new knowledge, evolving working 
practices and cultural norms therefore adds an important temporal dimension to effectiveness 
criteria, in that it emphasises longevity or continued high-performance functioning as a key 
effectiveness variable and indicator of human capability Wthin the organisation. 
8.4 Modelling human and organisational performance processes 
in response to research requirements 2a: 'identify and evaluate suitable performance models' 
and 3b: 'develop an appropriate performance modelling framework for projects', a number of 
relevant performance models were identified (outlined in section 3-2) and conceptual 
modelling efforts were undertaken culminating in the development of an applied human and 
organisational performance model (outlined in section 5.1.1 of this thesis). Subsequent 
validation case studies have shown that the modelling framework was applicable In the case 
projects of interest and successfully elicited performance-critical information regarding human 
and organisational processes within each operational project. Several research findings and 
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development issues drawn from activities within the soft metrics; research project may be used 
to Support modelling efforts that address human and organisational performance processes 
and validate the utility of capabilities inherent within the HOP modelling framework. 
From review of currently available performance models it becomes apparent that any model 
or integrative framework that seeks to adequately represent performance processes must 
complement outcome criteria with 'upstream' or process factors that represent system 
characteristics and functioning. In order for a performance model to be maximally useful in 
application it requires: 1) factors specified in detail, 2) specific interactions that represent 
mechanisms of influence, and 3) quantitative weightings for comparative analysis of the 
Impact of specific factors. The HOP modelling framework and application process reported In 
this thesis embodies all of these functional attributes and as such may be considered to be 
theoretically valid. As the application of the model to represent work group performance 
processes shows (see section 4.3), the model and classificatory framework is applicable to 
soft factors identifiable from research-based studies. Subsequent application of the HOP 
modelling framework demonstrates that through this approach important sociotechnical 
system preconditions could be linked to key aspects of human functioning that represent the 
contribution of human factors to operational performance. 
From evaluation of the key limitations of currently available human and organisational 
performance models, an important conclusion for the practical application of performance 
models is their inability to depict specific links between determinant process factors and 
specific operational outcome criteria. This is a practical draw-back in terms of the applicability 
of human and organisational performance models in actual operations to diagnose and 
identify specific antecedent factors for attention when, for example, a decrement in schedule 
performance, or increased human error is observed in the work product. Two possible 
reasons are plausible for this observed trait in human and organisational performance 
models. The specific interactions between factors are likely to be very situation-dependent, 
and as Igeneric! representations a certain level of abstraction across specific instances is 
necessary to develop a broadly applicable model, with an associated loss of descriptive detail. 
Secondly, the centrality of human system characteristics to all work processes may mean that 
they do indeed have a general non-specific effect upon all work product-related outcomes. 
Accordingly, the soft metrics research undertaken within this project highlights the validity of 
the second explanation: that human and organisational processes exert a pervasive influence 
upon all operational activities that are carried out by people in the work setting. This general 
conclusion is apparent from the high level of influences found to impact upon operational 
effectiveness criteria both in the developed conceptual human and organisational 
performance model and in the applied models that represent specific project cases. Analysis 
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of specific performance processes within operational projects undertaken within the soft 
metrics validation studies, however, reinforces a fundamental assertion that It Is Important to 
analyse the differential influences of specific human or organisational factors, in order to 
determine the relative strength of influences, scope of influences and nature or direction of 
effect, upon operational performance criteria. 
Whilst in other work-related areas of research such as work psychology and social sciences, 
dependent outcome factors such as job-satisfaction, work-related stress, cultural norms and 
knowledge may be considered the object of causal modelling efforts, the applied nature of 
operational process research means that systems models may be streamlined to represent 
interactive processes that contribute to variance in performance outcome or effectiveness 
criteria only. In this sense imposing a purpose upon a model in accordance with Improvement 
objectives can constrain the level of complexity that needs to be represented within the 
model, by representing only those factors and influences that are associated with the targeted 
outcomes. Issues raised during the course of development of the HOP modelling framework, 
however, show that soft systems factors and other parameters that demonstrate high 
interdependency and interactive complexity do not prove so amenable to outcome-defined 
bottlenecks. 
Within performance models that seek to specify sociotechnical and human processes, 
recursive influences or 'interactions' abound With 'feedback' processes occurring over varying 
Ume-scales. Accordingly, outcome criteria that may be considered to be the human and 
social results of an organisation's continued functioning, such as individual knowledge, 
personal well-being and unit-level working climate, may be considered to be only intermediary 
outcome criteria, that themselves affect operational performance dimensions such as product 
quality or work quantity. When soft performance processes within a model are considered 
from the perspective of an added temporal dimension, what are sometimes complex feedback 
influences must be considered within the human system, due to the nature of many human 
factors. For example, through a process of collaborative functioning and exposure to Other 
members within the group, team-based operations may result in non-directly productive, 
incidental outcomes including evolved norms and working practices, increased interpersonal 
knowledge, varying levels of cohesion and conflict, and enhanced available process 
knowledge, to name but a few. These outcomes feed back to modify the state of the social 
system and over time will exert an accumulating influence upon operational performance. Put 
simply, this recursive process may be referred to as 'organisational learning' (Senge, 1990) 
and represents the evolution of shared mental models, vision and team-based learning. 
The experience of repeated high performance attainment by a unit or work group Wll have 
complex feedback effects upon factors such as motivational processes and level of group 
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cohesiveness (e. g. Mullen and Copper, 1994), giving rise to circular reasoning within models 
that seek to establish the relationship between these precursors and performance: highly 
cohesive groups perform better, yet over time high performance increases the level of group 
cohesiveness. These complex processes and issues represent a real challenge for attempts 
to model soft performance processes and functioning in human work systems. In terms of the 
HOP model detailed in this thesis, consideration of the aforementioned Issues resulted In 
inclusion of a 'human and organisational outcome' category to accommodate learning and 
cultural evolution aspects of functioning that impact upon operational performance over time, 
and the inclusion of potential cultural, motivational and knowledge-related variables in both 
, outcome' and 'precondition' classes, to allow the model to represent recursive loops In 
performance processes. These apparent idiosyncrasies may be considered direct artefacts of 
the need to impose a classificatory structure to the framework, in order to allow project 
managers to populate the model according to specific scenarios and employ a logical, 
sequential process of analytical reasoning in doing so, to what are essentially complex, non- 
linear interactive processes. 
One of the most important considerations arising from work undertaken to provide an 
adequate modelling framework for human and organisational influences, is the importance of 
relating process factors to clearly defined outcomes in a performance model. Review of 
conceptual literature reveals a multitude of human and organisational performance models 
and frameworks, yet if these models are to prove useful in supporting performance 
improvement efforts in an applied context, they require two critical functional elements: 1) 
specification of tangible, definable outcome criteria that represent 'bottom line' operational 
objectives in addition to human and organisational factors, and 2) specification of clearly 
linked process factors or performance determinants. 
Firstly, whether an organisation produces tangible products or supplies services to clients, the 
key objective or purpose in the organisation's functioning is to produce an effective work 
product, efficiently. The work product must therefore possess certain valued qualities or 
characteristics that make it effective or desirable, and must be delivered within a finite period 
of time having consumed an acceptable level of cost or effort in its production. The 
operational outcome parameters: cost, quality and time, are therefore universals that 
represent the ultimate focus of all performance control activities undertaken in any enterprise. 
Any human and organisational systems model that claims to model performance processes 
must therefore incorporate operational outcome factors within its framework in order to have 
practical value in application. Human and organisational processes may more readily suggest 
other outcomes that may be soft in nature, yet from the perspective of industrial application, 
any variable is superfluous to requirements unless it can be linked, however indirectly, to an 
operational outcome. 
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The second criteria follows logically from this last. Any generic performance model is of 
limited use unless the factors it contains can be clearly defined within and related to the 
operational environments that it seeks to represent. Industry therefore requires operational 
measures of the factors within the model, that are capable of generating values that represent 
the level of certain 'performance indicators' within a specific context. In order to select 
appropriate measures or indicators to capture data for performance control processes, any 
useful and analytical human and organisational performance model must define the exact 
influences between specific operational outcomes and specific soft factors. In this way the 
purpose of measurement is clear, as are the assumptions regarding overall performance that 
may be made on the basis of a selected 'indicator. The utility of human and organisational 
performance models for metrication processes is demonstrated In this last point; as 
integrative frameworks capable of serving as relational maps for the selection of appropriate 
, upstream' or 'lead' indicators, according to defined 'downstream' objectives that are 
monitored by 'lag' measures. Application of the HOP modelling framework to analyse 
performance processes in the case projects studied during the course of this research project 
proves the utility of the approach as a criterion selection tool for measurement of 
performance-critical soft factors. 
Measurement of human and organisational factors 
A practical conclusion drawn from review of existing human and organisational performance 
r1nodels and measures concerns the ease with which the variables specified translate into 
feasible and useful project management metrics. From a practical or operational viewpoint, 
this point serves to highlight one of the biggest challenges for application of soft measurement 
systems in practice to support performance control and process improvement. Although in 
the interests of offering a complete explanation for observable processes any comprehensive 
performance framework must account for all known and theorised variables, in practice it 
becomes difficult to 'operationalise' many of these soft factors in feasible metrics within 
performance control systems. For this reason, a key challenge for human and organisational 
performance analysis is the capability to objectively parameterise factors that represent 
'personal preferences', 'shared values and beliefs', 'alignment in perspectives' and other 
cultural elements, to quote examples from one specific model (Castka et al, 2000). 
During the phase of the soft metrics project that addressed requirement 2b: identification and 
evaluation of existing measures from relevant literatures (reported in section 3.5 of this 
thesis), it was found that only limited coverage of a sub-set of potential performance factors 
was present in established metrics and methods. 
The measures identified from the literature 
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fell largely into two categories: subjective judgement-based measures and objective 
parameter-based measures. The former class of measures was favoured by research 
literature that employed survey-type measures to quantify soft human and organisational 
factors. Objective measures were favoured in the management sciences literature for the 
quantification of more tangible variables and parameters In the project environment, at the 
exclusion of many important soft issues. 
it remains debatable as to whether an instrument for project parameter metrication should 
employ solely objective 'management metrics' type criteria or should also draw upon 
subjective self-report survey measures, especially where the focus of such a tool is the 
quantification of intangible human and organisational factors. Several considerations relating 
to the benefits and drawbacks of each type of measure are important In selection of an 
appropriate approach to measurement of soft issues in applied contexts. Though 
conventional management metrication methods favour objective criteria for measures, many 
soft variables are only directly quantifiable through judgement-based scales. 'Level of 
innovation' is one example and may be considered to be only directly assessable through 
sounding the opinions of experienced personnel capable of evaluating the degree to which a 
work product might be considered 'innovative'. Other soft factors, such as 'level of trust', are 
subjectively experienced phenomena and as such are not directly quantifiable through 
objective means. 
By their very nature, 'soft' human factors include subjective and experience-based 
phenomena such as motivational and affective responses to the environmental context in 
which the individual is expected to function. Subjective measures that rely upon the opinions 
and perceptions of individuals are therefore appropriate, as only they can directly measure the 
individual's experience of, and attitudes towards, the workplace. In addition, there exists a 
convincing argument for the use of subjective measures to quantify environmental variables 
and other project parameters or conditions that fall outside the category of subjective human 
variables. As primary interest lies in the performance of people or the work group, it is not the 
environmental and situational conditions that influence human performance so much as the 
work group's experience or subjective perception of them. 
For this reason using subjective 
experiential measures must be valid. In certain circumstances, the use of subjective 
measures allows expert opinion or knowledge to be brought to bear upon factors involved in 
decisions or complex processes that are too complex for other methods to accurately 
quantify. 
The drawbacks of subjective criteria measures are that they are open to bias and 
interpretation, especially in situations where measurement takes place to indicate 
performance and may be politically sensitive 
in support and justification of performance and 
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contract-critical decisions. Subjective responses therefore offer the respondent the 
opportunity to manipulate the response in order to achieve specific effect. The possibility also 
e)dsts of the occurrence of the so-called 'Hawthorne effect', in which individuals' responses 
and behaviour are modified due to awareness of being measured or observed (Ballantyne, 
2000). Such an effect may cause individuals to report an 'ideal' that may more or less 
represent reality. Another important factor to consider is practical in origin. Subjective 
survey-type measures may be simply too time-consuming, due to the fact that they require 
direct attention by each responding individual. Normal procedure for Improving accuracy, 
predictability and reducing the distortion effects of bias and 'outlier' responses Is to measure a 
series of individuals and adopt a measure of central tendency for the group. This, however, 
necessitates a number of individuals completing the measurement survey. One alternative is 
for the work group to make time during open discussion to consider and come to an 
agreement upon the level of individual measures through group discussion. Needless to say, 
a balance or compromise will need to be struck between the accuracy of the subjective survey 
measure and valuable work-time occupied in order to complete the measure, especially if that 
measure is to be repeated periodically. Where individuals respond to measures repeatedly, 
other undesirable effects can occur associated with leaming how to manipulate the measure, 
or so called serial order effects in which experience of one measure primes an individual to 
respond in a certain way on another. 
In contrast, objective measurement criteria require less effort to administer as only one 
individual need be involved in the collection of data (the indicator is objectively quantifiable 
and in theory, indisputable; the result should always be the same, regardless of who performs 
the measurement). There are other possibilities for the reduction of project management 
workload through the use of objective criteria metrics. In certain cases measurement and 
data production may be automated as part of the operation of support and IT systems. One 
example of this would be the automated counting of electronic communications between 
project group members through the IT system, as an indicator of the level of communication 
activity. Objective criteria may not be prone to bias effects, as are subjective indicators, yet 
they do have limitations particularly in their ability to cope with human and organisational 
variables. They can only provide causal 'indicators' of these factors, which are often less 
tangible, complex social and human factors. A distinction should therefore be made between 
direct measures and 'indicators', the latter being based upon reasoned links or chains of 
cause and effect: for example, taking the level of email communications as an indicator of 
high or effective communication ignores the fact that in some circumstances a high level of 
communication may not actually benefit performance, or that the number of emails may 
increase yet the actual communicative content remain the same, as would occur if, for 
example, an individual repeatedly emailed someone who was not available. Here, no 
communication has effectively taken place, yet the 
indicator reports (inaccurately) otherwise, 
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due to a high volume of electronic transmissions. Objective criteria-based measures are 
therefore only as good as the causal model or theory upon which they are based. This is a 
lirniting factor of this type of measure and also emphasises the need for a coherent and 
accurate integrating model or performance framework to aid in the selection and Interpretation 
of measurement criteria for a given situation. 
Under research requirement 3a: development of appropriate soft metrics, a variety of potential 
measures were developed within the soft metrics; research project employing a facet-based 
approach in which broad constructs or performance factors were decomposed Into sub- 
factors and individual measurement items against which values could be elicited in the project 
management environment. In response to issues raised regarding the appropriate type of 
metrics for this project, development efforts focused upon a combination of both subjective 
and more objective indicators, with the latter type being favoured where it was considered that 
objectively specifiable criteria could be identified for a given factor. Several key conclusions 
regarding the status of the metrics developed during the course of the project may therefore 
be drawn based upon experience in development and application of potential soft metrics. 
project type indicators associated With size and technical complexity may be indicated by 
objectively observable criteria and key project parameters. The level of complexity in the 
organisation of project work and scope of project aims are issues associated with more 
inherent uncertainty, and these require more expert-judgement based measurement methods. 
This was evident from case study findings that highlighted the R&D nature of the projects 
studied as a key determining factor for the level of early project planning and applicable 
management control methods available to projects that need to be flexible in scope and 
accommodate evolving customer requirements. 
Measures of work group characteristics may rely upon objective criteria to the extent that the 
rnetrics; address tangible characteristics of a team such as size and length of time established, 
but softer performance issues such as group morale and team climate must be assessed 
using subjective means, as these are factors closely tied to subjective human experience of 
working conditions. Quantification processes developed for the measurement of human 
capability within the project team are objective where evidence of formal certification and 
training is available. More in-depth analysis of suitability for specific project work tasks must 
be based upon the judgements of peer-review panels and the self-ratings of individuals, to 
quantify more subjective issues such as the relevance of work experience and perceived 
motivational potential of work tasks. This latter 
issue is subjective in nature as it is partly a 
function of personality factors (e. g. Hackman and Oldham, 1976) and this conclusion is 
supported by evidence from the comments of project personnel 
interviewed during the soft 
metrics project, which revealed the motivating potential of experienced working conditions and 
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inherent features of project work tasks such as the level of social contact afforded by the task 
structure. This was an important factor for the type of project represented by the validation 
case studies, and was reported on more than one occasion, across different project 
instances. 
Objective indicators may be derived for the workload variable based upon comparison of 
available man-hours with schedule parameters within the project work breakdown plan. As 
with many human issues, however, workload also incorporates a softer component 
associated with human factors and evidence from the project cases studied as part of this 
research revealed the dependency of experienced workload upon other factors such as the 
level of human capability within the team and level of complexity in work tasks. Difficult tasks 
for which the individual has limited relevant knowledge therefore increases experienced 
workload, and these facets of workload are only testable through more subjective indicators 
based upon perceptions. 
The issue of trust between groups within the project work setting is an inherently soft variable 
that is influenced by a variety of social processes and individual human experience. Trust 
between organisational entities such as interdependent project work groups was highlighted 
as an important factor in industrial capability acquisition projects and allows informal 
agreements to support project work efforts where formal protocols are inadequate. The issue 
of internal work group conflict reported in one project case study arising from diversity in goals 
vvithin the team also implicates trust as an important performance factor for quantification. 
objective indicators based upon past collaborative experience may be used to quantify facets 
of trust indirectly, but as an inherently subjective factor, direct measurement involves personal 
and group judgements of integrity and compatibility in objectives between collaborating 
partners. 
project stakeholder characteristics were identified as critical to project success across all case 
projects studied within the scope of the soft metrics research project. In particular, the 
availability of key stakeholders for decision-making processes, relevance of stakeholder 
knowledge and involvement of potential end-users in the development process were all 
highlighted as important performance determinants. Again, stakeholder characteristics may 
be considered to vary in level of objectivity and this research project serves to emphasise 
balancing objective retrospective indicators such as attendance at review meetings with 
human judgements of stakeholder adequacy. 
Many of the metrics developed during the course of this project involve data items that 
represent established objectively quantifiable parameters associated with the project work 
environment, such as task concurrencies, 
interdependencies and work group characteristics, 
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The factors that these parameters represent are shaped either deliberately or incidentally 
during the course of conventional project management planning processes. The value of the 
contribution the soft metrics research has made is in providing expert human sciences 
knowledge for the interpretation and analysis of the implications of variance In these 
parameters, from the perspective of soft issues and performance processes, to complement 
existing technical engineering knowledge. This was achieved through detailed analysis of 
potential performance factors, measurement and causal modelling approaches In order to 
specify the potential impact of incidental organisational characteristics upon the functioning of 
the human system that underlies all operational activities. In doing so, the groundwork is laid 
for proactive control of human and organisational conditions for enhanced operational 
performance. 
8.6 Feasibility and benefits of the soft metrics approach 
In response to soft metrics; project requirement 4: 'make a utility and feasibility case for the 
soft metrics; tool and concept', this section discusses the implications of key findings from the 
validation process regarding the potential benefits and limitations of the approach. Detailed 
presentation and analysis of the results from the validation studies is presented In the 
preceding section (section 7) of this thesis. The discussion of issues in this section is 
therefore confined in scope to research findings that represent evidence for the level of 
feasibility and utility achieved in development of a soft metrics solution. 
From the results of the validation process, it is clear that the key benefit of the soft metrics 
approach to support project performance control activities lies in its ability to provide a 
structured process for the analysis and measurement of performance factors for which there 
is currently limited tool support, due to complexity in nature and uncertainty in influence of 
human and organisational parameters. The application method provides a logical and 
sequential method of analysing soft factors in projects, as indicated by respondent, s positive 
appraisal of the clarity of the process plan and aims. In each project case, key performance 
issues were identified according to definable criteria, their influences analysed and their 
impact upon project performance outcomes specified, effectively raising the level of visibility 
and objective consideration of soft issues from informal topics of conversation to definable 
parameters that can be proactively monitored and controlled. 
As was evident from the extent and focus of discussions provoked during activities 
undertaken within the validation studies, project managers are aware of the nature and 
presence of soft issues and their effects upon project 
functioning. Project personnel were 
able to identify important preconditions within the modelling framework that applied to their 
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projects and could comment upon various mechanisms by which these factors influenced the 
quality of the project work produced. The relative inability of participants within the validation 
study to suggest existing measures or established methods of control for soft factors, 
indicates that the 'softer' aspects of project and organisational functioning tend to be Identified 
and mitigated through personal initiative, improvisation, Informal networks or structures and 
ad hoc efforts that are not defined or scheduled activities anticipated by current project 
management methods and frameworks. Information gained during informal Interviews 
conducted within the CAPI industry scoping study (reported in section 4.1 of this thesis) 
tends to support this assertion. Interviewees stated that a large proportion of project 
management effort was expended in 'hidden' activities that did not appear within the project 
work plan. Such activities were not directly associated with project work tasks and production 
of scheduled deliverables and products, but were more closely associated with peripheral 
issues involved in overseeing and facilitating the smooth running of the project work process. 
Communicating key project information, status and immediate issues, as well as coordinating 
formal and informal meetings and activities both within and between the project work group, 
stakeholders, other organisational entities and dependent projects, were stated as being the 
informal activities inherent within the project management role. Research findings achieved 
vvithin this project therefore support 'coordinational process losses' (e. g. Steiner, 1972; 
Stroebe and Frey, 1982) as important human and social interactive issues that can influence 
achieved productivity in work systems. The soft metrics methods developed in this project 
make an important step towards more formal control of these human work process issues, the 
nature and outcomes of which are currently difficult to predict, parameterise and evaluate. 
The utility of the soft metrics tool and method is demonstrated by its ability to analyse softer 
issues in the industrial case projects that were studied. The case projects studied were all 
industry-academic partnership projects that were heavily research and development or 'proof 
of concept' focused. Analysis of performance processes within these projects using the soft 
metrics approach was successful in identifying key performance Issues and describing the 
involved mechanisms of influence through identifying critical preconditions, relating them to 
human functioning and their broader performance implications. Upon the basis of these 
findings, it is possible to outline the likely types of soft Issues that projects of a similar size, 
type and focus, will encounter and draw recommendations for remedial strategies directly 
from the output of the tool application process. Figure 8.5a below summarises key 
conclusions and recommendations resulting 
from application of the soft metrics; tool to 
analyse soft performance issues in the validation case projects. 
The findings offered in the 
figure support the case made for the soft metrics tool's effectiveness, usefulness and fitness 
for purpose in the applied context for which it was intended. 
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Research finding based upon' 
application of tool In case projects 
Recommendation based upon research 
""finding, 
1 Changing and unstable customer Regular periodic reviews of broad aims and functional 
requirements in pure R&D projects due to requirements are therefore warranted in these projects, 
lack of clear functional definition for output with full consideration of the potential impact of changes 
at project onset can have a significant to the work plan that might occur mid-project. This finding 
impact upon overall project performance highlights the importance of intensive collaboration with 
outcomes, affecting the project schedule the customer for the work product, at project planning 
and functional qualities of the work phases in particular, and throughout the course of the 
product. project. 
2) Tight coupling of technologies that Situational appraisal of the external environmeni outside 
represent the target of project work to of the project work group and organisation Is therefore 
external technological development efforts essential in technology-driven enterprises, as Is 
can make the project's work plan and networking and the establishment of both formal and 
knowledge requirements within the team informal communications channels between development 
highly sensitive to external factors beyond teams that focus upon similar technological areas. Where 
the control of the project work group. practical, the organisation should provide the temporal 
and financial resources to make this possible. 
of concept projects are inherently Proof C Achieved knowledge output and targets may therefore uncertain in terms of planning and represent important intermediary indicators of how well 
scheduling making parametedsed projects of this type are performing, rather than 
performance tracking against set parametedsed tracking methods based upon spend and 
milestones difficult. Industry-standard task duration. Other potential outcome indicators for the 
techniques that rely upon detailed product assessment of project effectiveness include peer and 
and work breakdown structures divided customer reviews of maturity of new knowledge gained, 
into definable, scheduled sub-tasks, and and the degree to which knowledge output is accepted 
intermediary cost or'Eamed Value' and circulated in appropriate industry publications. 
estimation may therefore not be 
appropriate methods of performance 
control in these projects. The acquisition 
of new knowledge was reported as an 
important outcome of R&D projects, 
especially, as this represented the novelty 
of the work and indicated contribution to 
existing disciplines. __ -4-) vation on the individual level was MR!! Steps therefore need to be taken to ensure appropriate 
identified as an important human outcome allocation of tasks to personnel with reference to personal 
of involvement in the project that preferences and that task performance is supported with 
influenced task performance. High appropriate feedback information from key stakeholders 
desirability and significance of work tasks for key areas of the work. The structure of the work plan 
were reported as having an important and working conditions need to be considered in terms of 
motivating effect, whilst lack of to what degree they provide opportunity for face-to-face 
stakeholder involvement and limited collaborative work. 
opportunity for social contact was reported 
as having a demotivating effect. -- Conflicting goals and interests within the As a potential measure to negate the adverse 
project work group were reported as consequences of these factors, group composition needs 
having a negative impact upon product to be considered in more detail at project onset, including 
quality in terms of the extent that separate potential conflicts of interest that may arise. The 
areas of the work were integrated to compatibility of partners in strategic alliances formed 
provide a unified output. Goal conflict was between organisations within an enterprise is also 
reported as influencing operational implicated. 
outcomes through reduced 
communications, unresolved decision 
processes and dernotivating effects. 
-6) High complexity in work products and the Complexity in systems and work processes needs to be 
resulting influence upon project monitored in order to identify instances where 
organisation had a detrimental impact management decision-processes may require additional 
upon schedule performance and quantity support. The impact of varying complexity in work tasks 
of work produced, through the influence of on personal workload needs also to be considered in 
environmental complexity on human scheduling activities, with allocation of an increased 
decision-making processes and personal schedule buffer implied for projects and tasks identified as 
workload, affecting task performance. I high i2 technical complexity. 
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Research finding based upon 
application of tool in case projects 
Recommendation based upon research 
finding 
7) Limited stakeholder involvement and This finding supports an argument for enhanced 
availability decreases product quality and stakeholder management activities and tool support 
schedule performance through impacting throughout the course of the project, especially In 
upon the ability of the work group to instances where multiple stakeholders and partners exist 
coordinate and schedule tasks effectively, and where some authority for the execution of specific 
make timely decisions on key issues and work tasks within the project lies outside of the project 
obtain useful and timely performance management team. Accordingly, the broader organisation 
feedback information regarding ongoing must recognise the importance of allowing key personnel 
processes. time to fulfil important roles on other projects, in addition 
to their own project commitments and provide necessary 
communications support through ensuring project 
personnel and stakeholders are sufficiently networked 
through IT infrastructures. 
Figure 8.5a: Summary of research findings and recommendations derived from 
application of soft metrics tool in case projects 
Overall, experience in application of the metrics tool within the case projects showed that the 
performance factors set employed within the HOP modelling framework was valid and 
comprehensive enough to accommodate a broad range of possible soft issues and 
performance processes within industrial projects. In terms of the sub-set of metrics applied to 
the projects within the validation studies, the majority were rated as mid-high in terms of 
effectiveness as valid measures of the factors they were proposed to quantify. Overall 
effectiveness and usefulness ratings for the utility of the tool as applied to each specific 
scenario ranked as generally mid-high, with lower overall scores achieved for the practicality 
and feasibility dimension. 
In terms of evaluation of the perceived feasibility of the HOP modelling framework and 
approach, mixed results were achieved during the validation studies. As a demonstrator 
version of a 'proof of concept' tool, the application process represented a pilot demonstrator 
version rather than a complete deployable solution. The evident resource load in terms of 
involvement of project personnel (level and time allocation) and the availability of focus group 
facilitators may therefore be considered to be exaggerated in the 'proof of concept' 
demonstration, due to issues associated with the tool's prototype status. Such issues would 
be removed in a deployable solution, leading to a more efficient application that is beyond the 
scope of this project's work. In its current form, the process was considered during the 
validation exercise to be time-intensive in a current 
business environment that already 
considered project management activities to be operational overheads. It was also 
considered that the inclusion of clear decision-making and improvement processes, linked to 
the activities in the analysis process, would increase the feasibility of introducing the proposed 
solution into applied project management practices. 
Another important consideration for assessing feasibility of the soft metrics approach in 
current engineering environments regards knowledge requirements and perspective 
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necessary to successfully execute the process. The application process itself required the 
presence of a trained facilitator with knowledge of processes that operate within human and 
organisational systems, in addition to being conversant with up-to-date project management 
approaches, potential issues and the specific operating environment In which the soft metrics 
tool is being applied. This factor may well limit the current tool's application and the ease with 
which it is incorporated into standard working practices. 
The actual level of effort involved in implementing the approach outlined in this thesis within 
an operational project management environment, depends upon a number of factors Including 
the extent of 'soft' performance problem issues inherent within the specific project in question, 
which in turn dictates the perceived requirement to employ analysis and measurement 
techniques periodically within the project's lifecycle. As a 'one-time-only' analysis exercise 
that may be implemented in response to performance issues raised during review meetings or 
risk analysis activities, the soft metrics analysis process in its current form requires a one-day 
focus group in which it is recommended that the majority of the project management team and 
representatives of the broader project work group are involved. Although human-resource 
intensive, this level of effort will ensure that all human perspectives are brought to bear upon 
the analysis task allowing comprehensive review of potential and existing human and 
organisational performance issues. 
It is anticipated that implementation of elements of the soft metdCs analysis process to 
support repeated risk and performance control activities subsequent to an initial focus-group 
exercise will be considerably less resource-intensive, due to increased familiarity with the 
tools and approach that will develop through repeated application. Rather than an in-depth, 
comprehensive analysis using the model and sample factors, the HOP framework may be 
employed periodically at project management reviews to visualise and select appropriate 
metrics for specific soft issues that have been raised within current project phases, with 
minimal additional effort. The HOP model framework and the 'preconditions' class in 
particular, may also be usefully employed during project start-up or planning phases to ensure 
that the design of project work organisation, roles, responsibilities, team composition and 
other controllable characteristics that might arise from project planning activities are 
conducive with optimal human work performance. In terms of administration of the actual 
metrics selected for quantification of specific soft factors, the level of effort involved will 
depend upon: 1) the number of measures identified as critical for acceptable performance 
control, 2) the type of measure selected, with objective project work plan parameters requiring 
little or no effort with regards to data collection and personnel survey measures requiring 
considerably more effort, and 3) the frequency of measurement, with periodic repeated 
measures requiring more effort than 'one-time-only' diagnostic measures, the values of which 
will not be expected to vary over the course of the project. Data collection responsibilities 
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may be added to the role definitions of project management personnel tasked with the 
compilation of budgetary and scheduling performance information in preparation for project 
phase reviews. 
A broader issue regarding feasibility concerns acceptance of human and organisational 
systems perspectives in an engineering community dominated by a focus upon technological 
development and a 'performance culture' geared towards achievement of contractual 
commitments. The relative importance of soft issues to technical Issues reported In the 
validation studies highlights the need for the inclusion of input from the human factors and 
ergonomics disciplines in a broad range of industrial operations and engineering training 
programmes. Whilst specific technical disciplines equip organisations with the technical 
competency to successfully execute project operations, it should be recognised that human 
work processes are the universal mechanisms that deliver technical achievements. The 
broadening of systems engineering core disciplines to encompass human work systems 
provides a useful basis for the development of practical knowledge for the control of human 
and organisational factors that will enable similar analysis processes to be undertaken In 
industry projects in the future. It is anticipated that much of the knowledge developed within 
the soft metrics research project regarding human and organisational performance processes 
could be usefully applied in future personnel training and development initiatives. 
The critical utility of the approach lies in its ability to develop proactive performance indicators 
for operations management through establishing definable causal influence sequences 
between soft upstream' factors and outcome criteria. Review of existing metrication practices 
reveals the dominance of work product-related metrics that measure outcome criteria 
associated with contractual commitments to specific cost, quality and time objectives. In the 
customer-focused project management domain, there is a general lack of practical knowledge 
regarding how 'softer upstream conditions impact upon operational performance criteria, 
limiting the potential benefits of measurement of non-product focused human and 
organisational factors. Through a defined causal mapping process that employs the 
structured HOP modelling framework, managers using the soft metrics tool can apply 
proactive indicators to measure the key soft performance determinants upon which 
operational success is dependent. The tool therefore supports analysis and capture of key 
work process knowledge and information regarding the effectiveness of organisational design. 
This knowledge may then be used to support performance improvement efforts through 
proactive application of metrics to effect changes 
in key cost, schedule and quality 
achievements. 
Application of the prototype soft metrics tool and approach has shown it to be of key benefit to 
operations management, through the 
delivery of soft metrics capabilities that were previously 
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lacking. The soft metrics approach developed in this project may be summarised as having 
the following specific benefits for project work groups and management teams using the 
technique: 
Complex and opaque project performance issues may be identified and defined from 
a comprehensive list of potential 'soft' factors representing expert knovAedge In this 
area. 
" The exact nature of the relationship and influences between 'upstream, precondition 
factors and dependent operational success criteria may be established, clearly linking 
potential problem issues to expected results, for mitigation of associated risks. 
" Information is captured regarding the expected effects of variation in precondition 
factors upon performance outcomes, providing a basis for reasoning about the overall 
effects of changing project organisational structures and human resource 
configurations during project planning and in response to imposed changes in the 
project work environment. 
" important work activities associated with human performance may be identified that 
are likely to impact upon project success and which may require additional support as 
a result of specific project conditions. 
" Appropriate measures may be identified, linked to critical factors, for monitoring the 
level of a soft factor regarded as important for project success. 
Critical performance factors may be analysed in terms of their relative weight of 
influences upon operational processes and likelihood of occurrence within the project 
in order to pdoritise risk mitigation activities 
To. the extent that existing tools and methods do not provide a defined, structured approach to 
achieving these ends within the area of human and organisational performance factors, the 
soft metrics approach reported in this thesis may be considered to be a useful and important 
contribution to the project management toolset. In terms of overall utility, the soft metrics 
approach outlined in this thesis is potentially of great benefit in application to support project 
performance improvement efforts, pending further development to achieve a more practical, 
deployed solution. 
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Section 9 
SUMMARY OF KEY CONCLUSIONS 
The main achieved value of the soft metrics tools and approach that forms the subject of this 
thesis lies in its utility as a means of analysing human and organisational performance 
processes within projects. The approach allows the identification of soft performance issues, 
analyses their potential impact upon operational project success criteria and provides new 
metrics; to measure the key human and organisational factors involved. As a practical tool, 
the soft metrics approach is limited in its current form due to its 'prototype' standing for 
application in an industrial context. Future research work needs to address these Issues, 
building upon the preliminary work outlined in this thesis. To conclude the report of research 
activities undertaken within the soft metrics project outlined in this thesis, the sections below 
provide a concise summary of achievements against the original project requirements, 
lessons leamt and personal development, followed by consideration of the research in a 
broader context of possible future work. 
9.1 Statement of achievements against research objectives 
1) Identify soft issues Impacting upon project performance 
A broad range of human and management sciences literature was reviewed to identify 
potential 'upstream' human and organisational factors that impact upon operational 
performance outcomes relating to the achievement of cost, time and quality objectives. In 
total, over 100 potential factors were defined, with supporting evidence from research 
literature relating to known influences upon performance-related processes. A scoping study 
and a series of industrial project case studies were used to refine the focus of the 
performance factors set and explore their influences upon project performance in an applied 
context. 
From the literature review, team composition, human knowledge and experience, work group 
cjimate and cohesion, leadership, level of functional autonomy, task and goal characteristics, 
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workload, conflict, motivation, communication, and decision-making processes were all 
identified as potential human and organisational performance factors. Findings from analysis 
of several operational case projects made available to the soft metrics research effort 
provided evidence of the presence of several soft performance Issues which were associated 
with the following factors: trust, effective stakeholder communication, team composition and 
cohesion, human motivation, experienced workload, goal conflict, project uncertainty and 
broader organisational environment and cultural factors such as the climate for collaborative 
work. 
2) Explore current best practices for analysis, measurement and control of human and 
organisational variables In projects 
Various relevant human and organisational performance models and frameworks were 
identified from research and applied work that modelled key Influences of soft factors upon 
performance outcomes and complex interactive processes within human and organisational 
systems. Existing project management metrics and research measures were reviewed to 
identify potential methods of quantifying human and organisational performance factors, along 
with existing research models and management frameworks that had been proposed to 
represent human and organisational performance processes. 
As a general conclusion, current project management metrics fail to address soft performance 
factors within the project's work environment and research measures of human and 
organisational factors tend to provide lengthy diagnostic instruments that are not best suited 
for practical, repeatable application in the project management domain. Conventional 
management metrics are limited to objectively quantifiable criteria and parameters, which may 
explain the apparent lack of coverage of more subjective, human factors that represent 
personal experience of the work environment. 
A key requirement for integrative models of human and organisational performance processes 
is the ability to depict specific relationships between 'upstream' soft factors and operational 
performance outcome criteria, if the model is to be useful in application to support 
performance improvement processes. Existing models were found to vary in the degree to 
which they achieved this aim and in the level of analysis attempted in consideration of 
complex sociotechnical processes. Dependent variables within research models are not 
confined in scope to operational performance outcomes to the degree that practical 
management frameworks are, yet these latter models tend towards provision of broad 
dimensions of performance factors, rather than detailed definition of specific factors and 
interactions. 
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3) Develop practical approach and tools for analysis and measurement of soft Issues In 
projects 
Through an iterative process based upon development of concepts Identified in relevant 
research literature and industry research findings, an Integrated 'soft metrics tool' was 
developed. The tool comprised three Intedinked components to deliver soft Issues analysis 
and measurement capabilities for operational systems engineering projects and Included: 1) a 
set of soft metrics for quantification of key performance variables, 2) an Integrative modelling 
framework for causal analysis of operational performance from a soft factors perspective, and 
3) a detailed application process with group-based activities for analysing soft Issues In 
specific scenarios and selection of appropriate metrics using the model. 
The Human and Organisational Performance (HOP) modelling framework was developed to 
allow the representation of complex performance processes within specific Industdal 
scenados and structured performance factors under three main cAasses: project 
'Preconditions' or contextual factors representing pervasive system conditions, 'human work 
activities' representing behaviour or functioning in human activity systems, and 'outcomes' 
representing operational performance or effectiveness criteda. The main focus of the soft 
performance factors specified within the model is on process or 'upstream' performance 
criteria that are human and organisational in nature, rather than technical factors and 'results' 
of work processes that are associated with product-related charactedstics. Cdtical to the 
analysis of soft issues, the genedc human performance activities specified within the HOP 
model mediate the relationships between precondition factors and outcomes; representing the 
impact of work environment and system factors on the aspects of human performance that 
deliver the work product. 
The application process was designed to provide a structured approach to allow the 
population of the modelling framework with factors and interactions specifically applicable to 
any particular industry. Due to the intangible, human nature of many soft factors, the 
application process for analysis of soft issues in projects is largely qualitative in nature, to aid 
managers in identifying relevant factors and mapping their causal influences upon project 
success criteria. Quantitative scales are employed to weight influences within the model and 
pdoritise human performance-critical preconditions for risk assessment and performance 
monitoring. Appropriate soft metrics for measuring relevant performance factors identified 
within the modelling framework were developed based upon existing measures and 
knowledge regarding potential human and organisational performance factors, where current 
methods were inadequate. The soft metrics complemented objective items with subjective, 
judgement-based items, in order to quantify human factor variables that represent the 
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experience of Individuals and teams, and that were not amenable to other methods of 
quantification. 
4) Make utility and feasibility case for soft metrics concept and tools 
The concept of a soft factors approach to project performance was established as feasible 
and of potential benefit for performance Improvement, with a clear knowledge gap and need 
for soft metrics capabilities identified within the Industrial context. The practicality and 
effectiveness of the developed approach and tools was evaluated using a series of Industrial 
case studies. Although considered a prototype Implementation, the HOP modelling 
framework and metrics were successfully applied to analyse and prioritise soft Issues within 
the operational projects studied, yielding a range of useful Information concerning soft 
performance processes and potential risks associated with specific factors that were not 
currently controlled through existing available methods. 
In terms of the development of specific new capabilities for analysis and control of soft Issues 
in projects, the soft metrics tools and approach outlined In this thesis represent several 
benefits for integrated project management teams. These benefits include the capability to: 1) 
identify, analyse and define the softer, less visible process factors that influence operational 
performance, 2) prioritise system preconditions in terms of their relative Impact upon human 
functioning for Improved planning and organisational design, 3) support critical human work 
processes through risk analysis associated with soft Issues, and 4) Implement appropriate 
proactive metrics and measures for monitoring variance In key soft parameters for effective 
operations. 
In its current status as a proof of concept demonstrator, the soft metdcs tool Is resource load 
intensive, requiring group-based involvement of a number of project personnel at a range of 
levels of responsibility in order to be effective. The tool also requires a trained facilitator to 
guide the group through the analysis process. In addition to any Inherent limitations due to 
time and manpower resource consumption, it should be noted that within the context of BAE 
SYSTEMS' extended enterprises, the soft metrics tool is limited in its known utility to the 
extent that development efforts were constrained by available Industry case studies. 
Application beyond the boundaries of BAE SYSTEMS' operations was not part of the project 
definition and as such the outcome of the work may be considered valid in a localised 
industrial rather than globally applicable context. 
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9.2 Lessons learnt and statement of personal development 
The following statement, wiitten In the first person, outlines the researcher's own personal 
learning and professional development outcomes resulting from experience gained In 
undertaking the soft metrics research project outlined In this thesis. With the benefit of 
hindsight, lessons leamt relating to how the soft metrics research project might have benefited 
from certain methodological changes are also considered, In the hope that these 
recommendations will Inform future research efforts In related areas. 
Building upon knowledge gained from an undergraduate psychology degree with some 
specialisation In social and work psychology, the soft metrics PhD research experience has 
provided me with the opportunity to pursue professional development In human factors 
research. Moving from a theoretical human sciences background to applied work In systems 
engineering at Loughborough University represented a broadening of my personal 
perspective upon the study of human performance to complement psychological knowledge 
regarding the characteristics of the human condition with a comprehensive 'systems' view that 
considers the ergonomic properties of the complex organisational or sociotechnical systems 
in which people work. Through experience of the systems engineering R&D environment and 
the development focus of this project, I have acquired much Invaluable knowledge regarding 
methodology and approaches for the development of technical systems, which may be 
usefully applied to support the analysis and development of Improved human and 
organisational systems. The experience of using research methods to not only develop 
knowledge but support systems development activities has also been beneficial to me from 
the practical perspective of pursuing customer-defined project requirements. Experience 
within the industrial environment has also greatly Increased my knowledge of the practical 
requirements for human factors support In operations management. 
Through a broad literature review and subsequent development of an applied solution I have 
had the opportunity to study a variety of eAsting practical approaches and theoretical 
research work relating to human performance in work systems. Through this project I have 
also gained experience in the issues associated with Implementing theoretical research 
knowledge in the development of practical tools and Intervention strategies to effect change In 
organisational systems. The key knowledge areas developed In this project Include: empirical 
research findings relating to human and organisational factors in work systems, Issues In the 
development of research measures and practical performance Indicators (or 'metrics), 
systems modelling approaches and practical project management processes, tools and 
techniques. Afthough the focus of the development efforts within the soft metrics research 
project, this latter category includes performance measurement systems, project planning and 
control methods, all of which are applicable to the research activity and research projects. I 
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consider personal learning In all of these areas to be an Important outcome of my Involvement 
within the research project. Through experience Wthin the soft metrics research project I 
have also developed several transferable skills, and have had the opportunity to: 
Engage In autonomous Phl)-level research activities and present project progress at 
periodic reviews In a peer research group comprising Industry and academic partners. 
Prepare periodic industry reports and deliverables, Including documentation of the 
research development process, evaluation of existing operational procedures and 
associated costsIbenefits analysis. 
" Present research developments and findings at systems engineering conferences. 
" Capture project requirements and coordinate work efforts with a 'client' organisation. 
" Network with multiple industry and academic project stakeholders and secure Interest 
in the outcome of the research. 
Plan and be responsible for the completion of research project work tasks and 
deliverables to meet project milestones. 
" Develop and execute a comprehensive research methodology for the project Including 
detailed qualitative and quantitative research methods. 
" Facilitate focus group discussions and team-based exercises in key user groups 
represented by project management teams from operational industry projects. 
" Perform structured interviews, data collection activities and analyse qualitative and 
quantitative data to support iterative development In the project. 
* Coordinate and seek support for project work tasks with academic supervisors. 
With the benefit of hindsight, a number of methodological changes to the soft metrics 
research project might have been implemented to enhance stakeholder Involvement 
throughout the project and further support the development of a soft metrics solution. The 
following recommendations represent an ideal that might not be achievable In new 
development, proof of concept research projects for which there Is Inherent uncertainty 
regarding the exact project requirements and work plan at project onset. They also represent 
lessons leamt and the outcome of a process of personal learning and development for the 
researcher, as a direct result of experience within the soft metrics PhD research. 
Applied research work benefits from in-depth knowledge of the applied operational 
environment in which it seeks to implement changes and experience in the soft metrics, work 
shows that it Is the acquisition of this knowledge, through undertaking the research activity 
and implementing a comprehensive research methodology, that Is of primary Importance In 
achieving applied research objectives. To this end, securing potential use-cases for the 
output of development efforts throughout the research project's lifecycle Is of primary 
importance, both in scoping the boundaries for applied research and supporting an evidence- 
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based iterative development process. This conclusion echoes that drawn from analysis of the 
R&D systems engineering projects that formed the focus of this study: that close collaboration 
between developers and potential users at all stages of the research project Is essential to the 
success of case-based development efforts. 
Enhancing communication of project issues to industrial and academic stakeholders might 
have further supported development efforts. In collaborative projects of this nature, 
networking with both relevant industrial and academic entities Is Important In the acquisition of 
necessary knowledge to inform the design process. Setting up an email-based stakeholder 
interest group for regular project updates and bulletins early on In the project would have 
ensured stakeholder's knowledge of the project was up-to-date, supporting enhanced 
stakeholder involvement, more early input to the requirements specification and Increased 
awareness of potential benefits of the approach. This in turn may have Increased the degree 
to which stakeholders 'bought-in' to the project rationale and objectives, ensuring willingness 
to commit resources to case study exercises. 
Other potentially beneficial changes to the research methodology concern the general 
approach taken to scoping and defining the boundaries for the size of the research effort. 
Due to the necessity to develop an approach that could accommodate a broad range of 
potential soft issues in projects it became difficult to narrow the research focus to specific soft 
factors that might then have been analysed and dealt with In more depth. Confining the 
scope of the project to a smaller number of human and organisational issues might have 
allowed focus upon further refinement and calibration of a more definitive, concise and 
ultimately more wieldy soft metrics set, although the comprehensiveness and applicability of 
the overall tool for varied project scenarios may have suffered as a result. The soft Issues 
Identified through experience with the case projects reported in this study were dealt with in 
as much detail as time and human resource constraints permitted and it Is debatable as to 
whether additional case projects would have negated or exacerbated the problem of scope 
within the soft metrics research project, due to the idiosyncratic and systemic nature of many 
human and organisational performance influences. Earlier access to the industrial 
environment in order to define the context for the development and application of the research 
product might arguably have made the literature review, early vision and conceptual 
development phases of the project more economical in terms of time and effort. This issue is 
problematic, however, in that from an industrial perspective, it Is more practical to commit 
resources following completion of preliminary development phases and this might conflict with 
academic interests which seek to support the student's learning and grasp of a 'novel' 
application environment. 
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From consideration of the practical limitations of the soft metrics approach developed In this 
project and knowledge acquired regarding the current operational project management 
environment, an enhancement to the research project might have Involved including 
objectives relating to the development of a software-based solution. Conceivably, software- 
based application of the modelling activities and administration of soft metrics might have 
resolved some of the practical issues associated with Implementing the approach and it now 
remains for future research work to Implement the framework and knowledge acquired within 
this project in an appropriate IT system, application package or decision support software. 
Implementation of the soft factors analysis and measurement approach In a formal software 
system may, however, reduce its utility in analysis of many soft issues that benefit from focus- 
group analysis methods due to their nature as subjective or social factors. 
Due to the lack of existing practical knowledge In the soft metrics research area within 
commercial systems engineering operations, the industrial requirement to develop a practical 
approach was largely synonymous with the academic requirement to make a valid 
contribution to knowledge in the soft metrics, research area. Experience within the project 
highlighted the important need for consideration of the compatibility of academic and business 
goals in collaborative projects of this nature early on In the project planning process, and 
attention must be given to ensuring that research objectives meet business needs and close 
mapping between industry deliverables and academic output Is highly desirable. Within the 
soft metrics research project, one example of complementary industrial and academic 
requirements Is found in the human and organisational performance modelling exercises, In 
which exploring systemic interactions between variables furthers academic knowledge 
regarding the functioning of sociotechnical systems and linking soft factors to tangible 
outcome parameters satisfies industrial requirements for operational performance control 
capabilities. 
9.3 Soft metrics: an emerging capability and priority for future 
research 
The fact that the literature review for the soft metrics research project necessitated analysis of 
several complementary yet distinct areas of knowledge, is evidence of the lack of a cjeady 
definable knowledge area or discipline relating to the measurement and control of human and 
organisational factors for the applied industrial context. The management science literature 
relating to project management and control contributes knowledge, much of it embedded In 
existing models and tools, regarding practical application of metrics and task management 
systems that focus upon the technical and work-flow aspects of project organisation. The 
social and human sciences knowledge-base contributes information regarding the nature and 
mechanisms associated with human and organisational factors through several strands of 
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research Including human factors, process ergonomics, work psychology and organlsation 
theory. Where academic research efforts develop measures relevant to what operations 
managers have termed 'soft' factors, these tend to be involved diagnostic instruments that 
provide broad-scale organisational assessment, rather than the repeatable, practical metdcs 
that the operational environment requires for effective project management and control. A 
clear requirement exists for the further establishment of soft metrics and associated methods 
as an operational capability in Industry and a defined body of knowledge in research. 
An industry-based scoping study that addressed soft performance processes In capability 
development projects reported in this thesis, shows that experienced project managers 
intuitively and routinely monitor and control perturbations In the human and organisational 
systems, which underpin the formal organisational structures that are implemented In 
accordance with the requirements inherent within the project work plan. Although evidence of 
the importance of soft factors for project success Is readily available when the right questions 
are asked of individuals immersed in the operational environment, It Is perhaps surprising that 
r-eview of available literature can identify 
few practical methods and tools to assist project 
rnanagers in 'parameterising' these 
Important factors and quantifying their Impact upon 
performance. This latter finding constitutes clear evidence of an e)dsting 'knowledge gap' 
relating to a soft metrics, capability within the engineering project management 
domain. The 
acquisition of such a capability would represent 
the transformation of what are largely 
informal, 'ad hoc! practices originating in the tacit knowledge of individuals, to formally defined 
systems and processes owned 
by the organisation and about which the organisation can 
t)uild a knowiedge-base of best practices in order to further develop the capability itself, and 
Support performance 
improvement initiatives. 
The future broad aims for soft metrics research and development must be to establish a dear 
discipline in this area that combines what is currently largely academic research knowedge 
regarding human and organisational performance processes 
in work settings with the 
practical knoWedge and requirements of applied project management and control 
Interests. 
-rNs aim represents the distillation of theoretical 
knowledge into practical and applied tools. 
refining broad and complex research measures 
into concise and effective project 
inrianagement metrics. 
Essential to the achievement of this goal Is the close collaboration of 
acadernic research efforts 
Wth industry and the securing of sufficient access to stakeholders, 
potential users and case projects, 
in particular. 
;: xr)edence in the development of soft metrics 
tools and integrated approaches for the 
a, nalysis of human and organisational performance 
processes in this project has resulted In 
t, he review of a multitude of research measures, management metrics, and performance 
models representing varied perspectives on 
the functioning or organisational systems. 
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Clearly, there is great need for further research work that Integrates technical and human 
perspectives on a system-Wide level in order to further understanding of complex 
sociotechnical processes. Fulfilment of this aim begins with models that attempt to represent 
complex performance processes in 'soft' systems, such as the HOP modelling framework 
proposed in this thesis, and must ultimately result in the development of applied performance 
imetrics and tools to support the design of more effective organisational systems. 
Whilst empirical, quantitative research efforts must, through necessity, seek boundaries within 
systems in order to control experimental conditions, a reductionist approach that focuses only 
upon a sub-set of system variables, that represent the research focus of Interest, Is limiting In 
its ability to account for systems-level outcomes that may be the result of complex Interactions 
between a multitude of potentially independent factors. Future comprehensive modelling 
efforts must therefore adopt a systems-level approach In which human and organisational 
processes are represented along with technical parameters and tangible infrastructures. The 
high level of complexity in interaction and unbounded nature of many'soft' issues means that 
the challenge for modelling efforts lies in accommodating high levels of uncertainty in 
reasoning about human and organisational processes. Future applied research must 
therefore seek to support operations managers in analysis and control of soft human activity 
systems through the development of appropriate decision support and performance 
measurement systems, based upon conceptual understanding of systemic processes. 
The modelling framework and measurement methods developed within this project have 
focused largely upon the analysis or diagnosis of soft issues in projects and the establishment 
of potential measurement techniques. In order to develop more mature project management 
tools and methods for support of soft performance processes, more research needs to be 
undertaken associated with control and remediation strategies to address potentially 
detrimental human and organisational issues in projects. Further research could productively 
focus upon calibration and standardisation of the soft metrics to enable broader cross- 
organisational and cross-industry comparisons. Incorporation of the measures Into 
operational project management processes and standard operating procedures for industry, 
through further refinement of the tools and techniques outlined within this thesis, is of primary 
importance. 
The research described in this thesis offers evidence for the applicability of the HOP 
modelling approach for both: i) a useful means of increasing awareness and reflection upon 
human and organisational issues in systems engineering projects, and ii) a framework for the 
selection and application of appropriate measures of aspects of human and organisational 
performance. This dual capability was deliberately engineered to satisfy the management 
requirement for specific metrics, whilst offering a viable analysis process that could 
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accommodate and generate insight into complex causal Influences In human and 
organisational systems. 
In the authoes opinion, the developed tool and approach is more successful In the fulfilment of 
a diagnostic or analytical role for exploring the causal Influences affecting soft' problem 
issues in operational projects than in providing what might be regarded as specifically a 
program of project management metrics. It Is one of the central arguments of this thesis that 
the notable lack of existing soft metrics In Industrial use is mainly due to inability In formalised 
performance measurement systems to cope with the inherent complexity within and Intangible 
nature of these types of factors. In this sense, the output of this research effort: the HOP 
modelling framework, is appropriately aimed at diagnosis and Increasing visibility of soft 
factors for performance control. The title given to this thesis may therefore be more 
appropriately regarded as being concerned with 0 ... a framework for the analysis of human 
and organisational factors in projects". rather than the direct measurement of soft Issues. 
In identifying a duality of role for the soft metrics research output, some consideration of how 
future work might develop both the analytical/awareness-raising and measurement potential 
of the tool, is warranted. With the interests of developing more viable project management 
metrics in mind, research efforts should logically proceed towards the development of a more 
context-specific "balanced scorecard" of key performance indicators, to Include 'soft metrics, 
in the form of a finite set of simple data items defined as important performance determinants 
for human and organisational processes. Such an outcome might conceivably be achieved 
through a more systematic and global application of the HOP model-based analysis process 
throughout BAE SYSTEMS' project operations, to establish and refine this 'definitive' metrics 
set. The resulting measures could then be fully integrated within BAE SYSTEMS' lifecycle 
management processes before being put to operational use in the performance review 
phases of active systems engineering projects. 
In order to develop the analytic and educational aspects of the soft metrics, research output, 
further work needs to be undertaken to refine the process aspects of applying a diagnostic 
model such as the HOP framework, with further attention paid to full Integration with existing 
process knowledge and decision-support systems. In terms of future application of the HOP 
model, it is envisaged that such a framework would form a useful common language for data 
collection across the full range of BAE SYSTEMS project-based operations. This outcome 
would increase general awareness of soft issues whilst promoting a common understanding 
and basis for reasoning about soft performance issues and data-based organisational 
leaming. 
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This study represented the Initial development of a demonstrator approach to prove the 
concept of soft metrics methods in project management control. The research conducted in 
this project represents in-depth analysis of requirements relating to specific Industrial cases, 
as necessitated by the Industrial-acadernic partnership of which this project was a part. 
Having achieved promising results through application of the soft metrics concept In detailed 
qualitative case-studies, the next logical step Is to use larger-scale case samples for a more 
general study to indicate to what extent the type of tools and methods outlined within this 
thesis are applicable in a broader context or are 'generic'. AJthough the HOP framework is 
proposed at a high level of abstraction applicable to all project-based operations In any 
context that Involves human functioning, the performance factors may be limited to a systems 
engineering environment and it remains for cross-sectional, large sample quantitative 
research to establish if this is the case. Inferential statistical analysis techniques may then be 
employed where large enough samples are available to test the structure of research models 
based upon the Interactions specified within the HOP model. Path analysis and structural 
equation modelling may prove to be useful techniques to address these alms (see: Millsap, 
2002 or Norman and Streiner, 2000, for example). 
The soft metrics tools and approach developed through this research to support control of 
human and organisational performance factors employ both quantitative measurement and 
qualitative inferential logic methods in order to analyse and monitor soft factors within 
operational projects. The qualitative, causal modelling approach complements established 
quantitative methods that are limited in their ability to describe subjective phenomena such as 
motivational and cultural processes. Qualitative analysis methods may therefore prove to be 
a valuable area of future development work, as numerical values against specific metrics 
alone cannot capture the full complexity of human and organisational processes that underlie 
variance in the outcomes of operational effort. It Is therefore no surprise that very few existing 
project management metrics directly address the softer human Issues, which this research 
has highlighted as important to operational performance. 
An important implication of the research reported within this thesis for future work Is that 
operations performance management practices may need a broader toolset for analysis and 
control of human and organisational issues that lie beyond the scope of objective 
management metdcs. As one manager stated in response to being asked about the need for 
soft metdcs research work: "it's not so much development of soft measures, as soft 
interpretation of hard measures that' s important". Interpreting 'hard' measures as Indicators of 
potential soft issues is a valid aim for future development efforts, but this requires linking 
tangible systemic parameters to their human and social Implications. The causal modelling 
processes described in this thesis provide a Viable preliminary framework for approaching this 
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problem and it is hoped that this conceptual approach Wil provide the basis for practical 
development in the soft metrics area. 
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Appendix A: Detailed summary of research literature relating to 
human and organisational performance factors 
This appendix contains a more elaborative account of research knowledge Identified within 
the soft metrics project literature review, than that outlined in the thesis text of section 3.3. 
The sub-sections that follow represent human and organisational performance factors that 
e)dsting research findings identify as relevant to organisational performance and 
effectiveness. 
Work group composition 
Work group composition refers to several variables including: homogeneity or heterogeneity In 
work group composition structure, work group size and demographic or person-characteristics 
of work group members such as age, gender, ethnicity, educational level, training, ability 
levels, personality, attitudes and values, professional background, status and geographical 
location (e. g. West, 1996a; Jackson, 1996; Unsworth & West, 2000). Various mechanisms 
have been proposed to explain the effects of work group diversity on performance. 
West (1996a) in a review of the literature on work group effectiveness states that 
demographic homogeneity in terms of age, sex and educational level Predicts group 
cohesiveness, similarity in attitudes and values and group stability or how long the group 
Isticks together, rather than influencing work group effectiveness directly. 
Certain individual characteristics and personality factors are known to Influence the 
effectiveness of group decision-making processes, though little clear evidence exists as to 
how the personality of individual group members affects work group performance directly 
(West, 1996a): 
Lack of communication skills makes individuals less able to present their views and 
knowledge successfully. 
Shyness may mean that not all members contribute optimally to the group's store of 
knowledge. Knowledge offered by such members may be done so hesitatingly and 
less assertively than that offered by more confident group members. 
Egocentricity can make individuals unwilling to consider opinions contrary to their 
own. 
Social conformity effects which influence group members to a greater or lesser degree 
can mean the withholding of opinions or Information contrary to the Majority view, 
especially if that is an organisationally dominant view (Brown, 1988)- 
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Dominating individuals can occupy a disproportionate amount of 'airtime' and 
influence whose views prevail through disproportionately vigorous argument. 
Status, gender and hierarchy effects lead Individuals to attend disproportionately to 
specific individuals, for example: the views of senior managers, when present In the 
group, are likely to significantly influence decision-making outcomes. 
Regarding the effects of group size, Stroebe and Frey (1982) state that 'Coordination' process 
losses can occur due to the problems associated with arranging and Integrating other people 
in group-working practices. Hence, the larger the team, the bigger the coordination problems. 
Several coordination issues have the potential to adversely Influence work group 
effectiveness including arranging times for meetings, coordinating tasks, Integrating 
information and passing on information. 
Group size also influences the demand for having a 'facilitator' role at group meetings In order 
to coordinate interactions during group discussions (Unsworth & West, 2000). Group size 
therefore influences the efficacy of communication %vithin the work group. The authors state 
that one of the reasons why this occurs Is that the natural non-verbal communication cues 
present in ordinary dyadic interaction, such as eye-contact and gesture, are more difficult to 
direct and interpret in group interaction situations. 
In terms of age and gender, Jackson et al (1991) report that staff turnover rates are higher In 
teams that are heterogeneous with respect to age. Age diversity has irs greatest effects 
when it reflects differences in attitudes, values and perspectives, e. g. both risk-taking 
propensity and problem-solving processes are related to age, and if diversity In age is present 
within the team, conflict over the acceptable degree of risk taken for a particular problem may 
arise. Unsworth and West's (2000) review of literature relating to team effectiveness 
concludes that the effects of gender diversity are complicated by conflicting research results, 
with some studies showing that same-sex teams perform better than mixed sex teams and 
some showing the opposite. 
A study by Watson, Kumar and Michaelsen (1993) suggests that culturally heterogeneous 
groups of students interact and perform less effectively initially, but that this effect diminishes 
over time as members gain experience with each other. Group members Identities therefore 
change over time, from belonging to an ethnic in-group, to a team In-group. Ethnic diversity 
may influence work group performance by impacting upon the effectiveness of Intra-group 
communication. Effective communication requires common understandings, meanings, 
language conventions and conventions in non-verbal communication. Different ethnicity may 
mean differences in linguistic traditions and norms, making it more likely that 
misunderstandings and misperceptions may occur. Contributions by ethnic minorities may 
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also be automatically downgraded because of stereotypes associated with their accents 
(Unsworth & West, 2000). 
Smith and Noakes (1996) In a review of cultural differences In work group processes conclude 
that there Is some evidence to suggest that work groups Incorporating cultural diversity In 
group composition, exceed the performance of their monocultural counterparts, over longer 
time periods. The authors also offer several factors which may Impede performance In 
culturally diverse groups, and which must be resolved over time before the work group can 
begin functioning optimally, hence the delay In achieving high-performance outcomes In 
culturally diverse work groups compared with monocultural groups: 
Culturally heterogeneous groups must Initially overcome language problems, 
problems of access and differing understandings of how to form Interpersonal 
relationships. 
Culturally diverse groups are likely to encounter conflict due to differing perspectives 
on time, on preferred leadership styles and on the functions served by group 
meetings. 
'In-groups' of individuals that share similar cultural values are likely to form during the 
course of group development in culturally heterogeneous work groups, Impeding 
effective decision-ma king. 
Once group development succeeds negative performance factors associated VAth cultural 
heterogeneity, the work group can begin to exploit inherent advantages In Integrating different 
perspectives within the group. Smith and Noakes comment that groupthink may be minimised 
by drawing upon the diversity of perspectives inherent in a culturally heterogeneous group. 
in terms of ability level, group problem solving performance Is generally a positive function of 
average group member ability level (West, 1996a), though this relationship Is not simply linear 
and the extent to which a group members ability level influences group performance can be 
affected by factors such as status, popularity and political processes within the group. 
Groups composed of people from diverse professional backgrounds produce more creative 
decisions of higher quality than professionally homogeneous groups (West, 1996a). 
Unsworth and West (2000) conclude that diversity of task-relevant skills and knowledge leads 
to greater team effectiveness. Heterogeneity of task-related characteristics Implies that each 
team member will have relevant and distinct skills that he or she can contribute towards task 
accomplishment. Work groups that are diverse in task-related attributes, however, are also 
often diverse in terms of demographics relating to the attributes of the Individual such as age, 
gender, and ethnicity. A study by Wierserna and Bantel (1992) examined the diversity of top 
268 
A 
management teams of 100 of the largest manufacturing companies In the USA, finding that 
diversity In educational specialisations within the teams was related to a more adaptive 
organisation and more effective strategic change. Bantel (1993) reports that the management 
teams of banks that were heterogeneous in terms of education and functional background 
developed clearer corporate strategies. 
In terms of knowledge requirements for composition of successful work groups for execution 
of a specific task, Siemieniuch, Sinclair and Fairclough (1999) propose a knowledge network 
structure in which a set of generic classes of knowledge relating to operational procedures, 
human resources, products, equipment, control processes, quality assurance and domain 
knowledge are defined. The knowledge requirements for specific functions or operations can 
therefore be defined In terms of specific patterns of these knowledge 'nodes' In the network. 
Additionally, the authors propose four levels of knowledge that may be possessed by the 
individual in any specific domain or grouping of knowledge classes. Task requirements 
placed upon the individual may therefore be described In terms of necessary thematic content 
of knowledge required and level of that knowledge required to perform the operation. The 
four levels of knowledge are: 
1) 'Know about': the individual knows that the knowledge exists and what Its purpose Is, 
but not necessarily how to apply it. 
2) 'Entry: the individual has sufficient knowledge to be able to execute the defined task 
securely under normal circumstances (assuming adequate training to carry out the 
task in a specific environment Wth specific tools). 
3) 'Experienced: defined as for 'entry' level knowledge, but additionally the Individual 
can cope with some abnormal environmental variation. The Individual can make 
some constructive use of knowledge in the design processes. Wider and deeper 
knowledge is required, with some rule-based behaviour as opposed to merely 
procedure-based behaviour. 
4) 'Expert': defined as for the 'experienced' level, with the addition of sufficient formal, 
technical knowledge and expertise to be able to meet almost any demand regarding 
the specific task. Knowledge at this level is largely heuristic and skills will be fairly 
automatic. 
In terms of individual group member competency, Fletcher (2000) offers examples of 
behaviourally defined competencies for the assessment of work performance, utilised in HR 
staff appraisal processes. These represent outcome Indicators of work performance on the 
Individual level and are related to role skill requirements. The competencies outlined below 
comprise generic measures of work performance that are not tied to specific quantifiable 
outcome indicators or objective 'results'. These Indicators can therefore be used to make 
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direct comparisons between Individuals, regardless of the specific characteristics or objectives 
of work performed, but necessitate a degree of subjectivity In measurement. Efforts to define 
or exemplify both positive and negative performance In behavioural terms represent an 
attempt to reduce the possibility for subjective bias Inherent In these measures. Behaviourally 
definable competencies Include: 
" Problem analysis and judgement performance: Degree to which the Individual 
analyses problems logically, with a 'strategic! perspective that looks to possible long- 
term consequences as well as immediate effects. Focus Is not narrowly confined to 
the immediate problem situation. Decisions are made on the basis of a balanced and 
adequate appraisal of the facts and a capacity for Innovation In problem solving Is 
demonstrated. Doesn't promise more than can be delivered or over-simplify a 
complex situation to 'black and white' terms. 
" Planning and organisational performance: Organises days productively and actively 
plans ahead to meet schedules in the long as well as short term. Anticipates potential 
problems and proactively intervenes to ensure they are prevented from occurring or 
their effects minimised. Ensures cover for absences and follows up key events. 
Plans to anticipate and meet other's requirements for Information on demand. 
Delegates routine work where possible and employs a structured approach to task 
performance. Where task conflicts or time pressure arises, is able to correctly assign 
priority to the more important aspects of the individual's tasks or role whilst not being 
'captured' by less important elements. 
" Motivation of others: Sets an example in speed of response, efficiency and dealing 
with customers. Provides feedback on results, involves staff and seeks their advice 
where appropriate. Delegates where possible and encourages initiative. Generates a 
team spirit and sets targets. Reinforces the important aspects of corporate culture for 
organisational success. Demonstrates personal commitment to objectives and does 
not work independently. Provides motivation through an appropriate style of 
leadership. 
Achievement and energy: Energetic and quick in dealing with work. Proactive rather 
than reactive. Willing to make sacrifices to achieve targets. Is constructively 
competitive. Not Wiling to settle for average but seeks to exceed targets. Actively 
pursues business rather than letting it come in of its own accord. Responds positively 
to challenges. 
Tenacity and resilience: Maintains morale in the face of setbacks and is not deterred 
by initially unpromising responses. Displays determination in the face of adversity and 
persistence in pursuing objectives. Does not take rejection personally. Not easily 
demotivated and deflected from pursuing objectives. 
270 
Group cohesiveness 
Unsworth and West (2000) offer several research findings concerning group cohesiveness, 
which can be defined as the degree of liking or attraction between group members and their 
liking for the group itself. 
Members of socially integrated groups experience higher morale and job-satisfaction. 
Cohesiveness can influence work group effectiveness by increasing motivation and 
group members' helping behaviours. 
Cohesive groups tend to devote more time to planning and problem-solving 
behaviours. 
Highly cohesive work groups incur less coordination and communication costs and 
can therefore apply more attention to task-related activities such as problem solving. 
Mullen and Copper (1994) reviewed evidence from forty-nine separate studies of the 
cohesiveness-performance effect and report that there is a statistically significant relationship 
between group cohesiveness and group task performance. The direction of Influence, 
however, remains to be clarified and may be strongest from performance to cohesiveness, Le. 
successful, high performance fosters greater intra-group cohesion. 
Leadership 
Bass (1990) proposes two types of leadership styles, transactional and transformational, 
which motivate and direct work groups towards the achievement of their performance goals: 
1) Transactional leadership employs transactions, exchanges and contingent rewards 
and punishments to change team members' behaviour. This style focuses upon task- 
oriented behaviours, and interventions to reinforce required behaviour and deploy 
sanctions for negative performance. Unsworth and West (2000) state that the 
transactional leadership style comprises contingent reward and punishment, active 
management by exception (following team members performance and taking action 
when mistakes occur) and passive management by exception (waiting until mistakes 
become serious problems before taking action). 
2) The transformational leadership style involves influencing and inspiring team 
members through charisma and visioning, and motivating individuals towards 
completing tasks as part of a team rather than just focusing upon group members 
individual objectives and performance. Unsworth and West (2000) outline charisma 
(displaying conviction and trust, and emphasising commitment, purpose and loyalty), 
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Inspirational motivation (by visioning an appealing future, challenging standards, 
encouraging the team and promoting enthusiasm), Intellectual stimulation (questioning 
assumptions and beliefs, stimulating new perspectives and encouraging the 
expression of ideas) and individualised consideration (leaders deal with team 
members at an Individual level, by developing, coaching, listening and teaching each 
person) as being the main characteristics of the transformational leadership style. 
Markiewicz and West (1997) suggest three main functions In which group leaders must be 
competent: 
" Group management: setting clear objectives, clarifying the roles of work group 
members, evaluating individual contributions and developing individual tasks, 
providing feedback on group performance and reviewing team processes, strategies 
and objectives. 
" Coaching individuals: listening, recognising and revealing individuals' thoughts and 
opinions, giving feedback and agreeing goals. 
" Leading the group: creating favourable performance conditions for the work group, 
building and maintaining the work group as a performing unit and coaching and 
supporting the group. 
Work group functional autonomy 
In a meta-analysis of 131 field studies of organisational change by Macy and Izumi (1993), 
the authors concluded that the creation of autonomous workgroups, with substantial 
responsibility for their own work, largely influenced financial measures of organisational 
performance. Cordery (1996) in a review of research into autonomous workgroups offers 
several reasons for improved work group performance as a result of self-management: 
Autonomous work teams make decisions more rapidly in response to changing and 
uncertain environments. 
Decisions that are made in open and trusting climates, such as those found in 
autonomous work groups are more likely to be creative and innovative. 
Being part of an autonomous work group creates opportunities for new learning, which 
aids performance, both because employees are able to see 'the big picture' owing to 
greater responsibility, and because their skills are more fully utilised. 
Self-managed teams increase the self-efficacy of team members. Research shows 
that people who feel they have control over their environments, perceive themselves 
to be more competent at their jobs. 
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Job characteristics of those in self-managed teams, including autonomy, feedback, 
task significance, task identity, and skill variety are related to job satisfaction, intrinsic 
motivation, lower absenteeism and better work performance. 
Work group autonomy is linked to leadership by Gulowsen (1979) who states that type of 
leadership may influence the degree to which a work group can decide where, when and how 
to work, can decide how to sub-divide tasks and assign them to group members, can 
influence the formulation of its goals and can determine it's own group composition. 
Leadership style is also synonymous with cultural performance determinants and research 
has shown that the pervasive style of leadership evident in an organisation's culture may have 
a direct impact upon team level performance achievement (Chalmers, 2001). 
Resource availability and quality 
Peters and O'Connor (1980) highlight the importance of adequate resource provision for 
effective human performance within the organisation. Even though individuals may be 
knowledgeable or skilful and motivated enough to be able to successfully accomplish a task, 
they can be prevented from doing so by characteristics of the situational context beyond their 
control. The authors outline three categories of situational constraints that affect the 
relationship between individual ability, performance and effectiveness: 
Unavailability of resources needed. 
Inadequate quantity of resources needed. 
0 Inadequate quality of resources needed. 
In team effectiveness research, the availability of resources such as people, money and 
equipment, as well as the appropriateness of the work technology used, affects the 
relationship between work group processes and effectiveness (West, 1996a). Tannenbaum, 
Salas and Cannon-Bowers (1996) claim that an important prerequisite of effective 
performance and team success is that a work group's resource needs are met. The work 
group's resource needs include time allowed for members to work on the group's tasks, 
access to information necessary to complete the tasks, necessary equipment and personnel 
made available, organisational policies which facilitate (or rather don't inhibit) work group 
effectiveness and commitment over the longer term to group-member development and skill- 
acquisition. 
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Group goal characteristics 
Work groups greatly assist In the coordination of separate activities performed by individuals 
in organisations that may be large and structurally complex. In a review by Weldon & 
Weingart (1994) of more than thirty studies of group goals and group performance in various 
work settings, it was concluded that the introduction of group goals leads to better 
performance and productivity. Furthermore, specific and difficult goals were found to improve 
performance over more vague and easier-to-achieve goals. Group goal planning was also 
found to be important, as group members were characteristically slow to respond to changes 
in their tasks or environments that made their strategies ineffective or their goals obsolete. 
The authors therefore propose five directives to ensure effective group planning and 
functioning: 
0 Goals should be set for all dimensions of performance that contribute to the overall 
effectiveness of the group. 
Feedback should be provided on the group's progress towards its goal. 
The physical environment of the group should remove barriers to effective interaction. 
Group members should be encouraged to plan carefully how their contributions can 
be identified and co-ordinated to achieve the group goal. 
o Group members should be helped to manage failure, which can damage the 
subsequent effectiveness of the group. 
Pritchard et al (1988) reports research in which the incremental effects of introducing group 
feedback, goal setting, then incentives upon productivity were measured using organisational 
units from a military context. The reported average increases in productivity over established 
baseline performance were 50%, 75% and 76% respectively, indicating the importance of 
group feedback and goal setting for work group effectiveness. West's (1996a) review of the 
work group literature also highlights the importance of performance feedback, in addition to 
goal clarity, especially for autonomous work groups that constantly develop their own work 
tasks in order to improve performance. 
Goal commitment on the part of group members is an important factor influencing goal 
attainment (Weldon & Weingart, 1994) and is largely a result of features inherent in group 
goal design. Goal commitment is influenced by: 
The attractiveness of goal attainment, which makes the group goal more compatible 
with the personal goals of group members. 
The degree to which the individual's desires are satisfied through group membership, 
by being a member of an attractive or successful group. 
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" How charismatic the group leader is. 
" The perceived difficulty of goal attainment and group members expectations that the 
group can successfully complete its task. 
" The presence of competing goal demands such as conflict between reducing costs 
and increasing quality. 
" The goal commitment of others in the group. 
The Goal-setting theory of motivation (Locke, 1968) highlights several important vadables 
associated with Inherent characteristics of task-goals that Influence performance through 
motivation: 
" Goal difficulty: more difficult goals lead to higher performance than easier goals up to 
a point; if goals are perceived as impossible they will not be motivating but will have 
the opposite effect. 
" Multiplicity/compatibility of goals: where multiple and conflicting goals exist, Increasing 
goal difficulty may be consistently associated with detriments in performance. 
" Remoteness of goal realisation: goals that are remote in time do not display 
performance benefits from increasing difficulty. 
" Goal specificity: specific goals lead to higher performance than general ones. 
" Goal performance feedback: feedback on performance Is necessary if outcome 
benefits from challenging and specified goals are to be obtained. 
" Goal acceptance: acknowledges interaction of goal characteristics with the 
psychological characteristics of the individual. Level of employee involvement or 
participation in goal-setting is thought to be important in assuring acceptance of task 
goals, especially where organisational change is involved. 
Task and role characteristics 
The degree of visibility of individual's performance to other team-members is particularly 
important if negative effects associated with social loafing are to be avoided (George, 1992). 
Task design within the group should therefore incorporate the facility to both identify and 
evaluate individual contributions. According to Guzzo and Shea (1992), group member's 
tasks and roles should be designed in such a way as to be unique, important and make a 
meaningful and visible contribution to the effectiveness of the work group, if individuals are to 
be motivated and work effectively with others towards achieving the groups objectives. 
Work group task characteristics can be classified in terms of the cognitive requirements they 
place upon work group members. Kent and McGrath (1969) conclude that much of the 
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variance in work group performance can be accounted for by the nature of the task itself. 
Employing various work group outcome Indicators such as Issue Involvement, originality and 
action orientation, Kent and McGrath found that differences In the Inherent cognitive features 
of tasks affected group effectiveness outcomes. Production tasks tended to result In high 
originality but low Issue involvement, whereas discussion tasks had the opposite effect. Work 
groups performing problem-solving tasks were most likely to perform highly on action- 
orientation. 
Warr (1987; 1996) offers nine categories of work environment features that Influence 
employee (or 'job-specific! ) well-being and experienced job-satisfaction. Warr makes an 
analogy with the effects of vitamins upon the human body to distinguish various characteristic 
patterns of influence that the individual factors exert upon well-being or mental health. Each 
environmental feature may therefore be described as having an AD (additional decrement) 
effect or a CE (constant) effect. Levels of AD environmental features have a positive 
influence upon mental health up to a certain point, but high levels of the feature may then 
begin to have a negative impact upon mental health, just as vitamins A and D may have a 
negative Impact upon physical health at high levels. Vitamins C and E, and health, have a 
linear relationship in which the positive influence upon mental health of increasing the level of 
the environmental feature is constant, regardless of the level of that feature. Additionally, 
Warr emphasises interaction between the person and the environment In determining 
outcome variables such as well-being, by stating that various personal characteristics of the 
individual mediate the effects of environmental features upon experienced well-being. The 
nine groups of environmental features, associated research constructs, their 'vitamin' type 
and matching personal characteristics are outlined below (matching personal characteristics 
as outlined by Foster, 2000): 
" Opportunity for personal control (AD): employee discretion, decision latitude, 
autonomy, absence of close supervision, self-determination, participation in decision 
making. Matching personal characteristics: High Growth Need Strength (GNS), High 
ability. 
" Opportunity for skill use (AD): skill utilisation, utilisation of valued abilities, required 
skills. Matching personal characteristics: High GNS, relevant unused skills. 
" Externally generated goals (AD): job demands, task demands, quantitative or 
qualitative workload, attentional demand, demands relative to resources, role 
responsibility, conflicting demands, role conflict, normative requirements. Matching 
personal characteristics: High GNS, high need for achievement (nAch). 
" Variety (AD): variation in job content and location, non-repetitive work, skill variety. 
Matching personal characteristics: High GNS. 
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Environmental clarity (AD): a) Information about the consequences of behaviour, task 
feedback; b) Information about the future, absence of job future ambiguity, absence of 
job insecurity, c) Information about required behaviour, low role ambiguity. Matching 
personal characteristics: High GNS, external control beliefs. 
e Availability of money (CE): Income level, amount of pay, financial resources. 
Matching personal characteristics: High desire for money. 
Physical security (CE): absence of danger, good working conditions, ergonomically 
adequate equipment, safe levels of temperature and noise. Matching personal 
characteristics: High desire for physical security. 
Opportunity for interpersonal contact (AD): a) quantity of Interaction, contact with 
others, social density, adequate privacy; b) quality of Interaction, good relationships 
vvith others, social support, good communications. Matching personal characteristics: 
High sociability. 
Valued social position (CE): a) wider evaluations of status In society, social rank, 
occupational prestige; b) more localised evaluations of In-company status or job 
importance; c) personal evaluations of task significance, valued role Incumbency, 
meaningfulness of job, self-respect from job. Matching personal characteristics: High 
desire for social esteem. 
Hackman and Oldham (1975; 1976) propose five core job dimensions that interact with 
characteristics of the Individual to influence work performance. These characteristics are 
linked to psychological states, the individual's level of which Influences personal and work 
outcomes, not the job characteristics themselves. The psychological states include: 
experienced meaningfulness of work (linked to skill variety, task Identity and task 
significance), experienced responsibility for outcome of the work (linked to autonomy) and 
knowledge of the actual results of the work activities (linked to task feedback). A 'potential 
motivating score' (MPS) can be calculated for any job by taking the mean of the jobs score on 
skill variety plus task identity plus task significance and multiplying that by Its autonomy and 
then by its feedback scores. This means that if either autonomy or feedback has a value of 
zero, the MPS will also be zero. Outcome variables from the operation of job characteristics 
upon psychological states include: level of motivation, quality of performance, satisfaction and 
level of absenteeism and turnover. Experienced motivation is modified by the person variable 
Growth Need Strength (GNS). The core job dimensions incorporated In Hackman and 
Oldham's model are: 
9 Skill variety: the extent to which work activities utilise different skills and abilities of the 
individual. 
Task identity: the degree to which work task performance Involves completion of a 
'whole', identifiable and meaningful piece of work. 
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Task significance: the degree to which the Individual's work has a substantial Impact 
on the lives or work of other people and broader society. 
Autonomy: Inherent freedom, independence and discretion In the performance of the 
work task. 
0 Feedback: level to which relevant Information regarding the Individual's currently 
attained performance Is available. 
The characteristics of the required task may influence whether or not group-working is the 
optimally effective methodology. Tannenbaum, Salas and Cannon-Bowers (1996) state that 
there must be a logical reason for the use of work groups, as group-working places increased 
demands upon employees. There must be inherent Interdependencies In the task and work 
situation to warrant the use of a collaborative group, rather than just Individuals. 
Interventions aimed at changing task processes through helping teams define objectives, 
improve group members understanding of each others roles and Identify specific performance 
problems In order to devise action plans to deal with them, are generally more successful In 
improving team performance than Interventions aimed at socio-emotional processes, such as 
team-building exercises (West, 1996a). 
McGrath and O'Connor (1996) consider temporal Issues relating to task synchronisation In 
work group functioning. Work group's task synchronisation behaviours Involve dealing with 
issues such as task concurrency, succession and coordination. Several important points are 
made: 
The effectiveness of work group task synchronisation activity Is Influenced by the 
qualities of the work group's technology, especially communications technology. 
Temporal patterning of collective group action or task performance Involves 
consideration of the frequency, duration, periodicity, sequences and temporal 
locations of interactive behavioural events. 
The level of mutual entrainment of behaviour and action patterns by Interacting 
partners in the work place holds important Implications for the effectiveness of 
interaction, the quality of interpersonal relationships, task performance, and group 
member satisfaction and well-being. Over time the behaviour of Interacting Individuals 
in a work group becomes mutually entrained to one-another. 
Temporal organisation of behaviour within the work group to meet externally Imposed 
deadlines is a form of work group entrainment with the surrounding organisational 
environment. 
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Workload 
Tattersall (2000) states that mental workload, which may be loosely defined as the costs that 
humans Incur In performing tasks, Is a multidimensional concept that Is difficult to measure 
and which Incorporates aspects such as time pressure, mental load and stress or frustration. 
Mental workload therefore represents the operation of factors associated with features of the 
work task, relative to the characteristics and experience of the Individual. 
Mental workload Is Important due to Increasing cognitive demands In modem jobs. 
The complexity of the modem working environment leads to Increased cognitive 
demands placed upon memory, attention, perception and communication skills. 
implicates the characteristics of the operational tasks, which may lead to high mental 
workload through placing demands that are too high or too low. 
Implicates other antecedent factors, though, as human workers performance cannot 
be Improved indefinitely simply through 'working harder. Humans must be motivated 
to sustain high mental effort through attention to task demands and awareness of the 
operating goals. 
Workload may be said to have both 'acute' and 'chronic! effects. The Immediate acute 
effects are evident in the short-term and have a direct effect upon performance, e. g. 
poor task and job design may result In errors, slow response times or situations which 
promote the neglect of subsidiary tasks. Chronic effects manifest themselves over a 
longer time period and can influence performance indirectly through health and well- 
being. 
Siemleniuch, Sinclair and Fairclough (1999) outline various constructs that can be used to 
classify workload level for individual operations in a process. Workload Is defined as a multi- 
dimensional concept, covering both physical and mental variables that describe task demand 
or difficulty and the operators perceptions of task demands. Workload variables can be 
utilised to evaluate operations groupings in terms of whether they exceed the capacity of a 
single individual to perform. They are therefore useful in evaluating and informing the process 
of the assignment of functions or operations to roles within a process. Workload constructs 
indude: 
Time ratio: the temporal demands of the operation as calculated by time available for 
performance divided by time required for successful performance. 
Operation c4iticality: the importance of the operation within the process, distinguishing 
critical operations from lower priority operations, the latter resulting In less perceived 
pressure on the part of the individual. 
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Operation uncertainty: the availability of relevant Information to ensure successful 
performance of the operation, a decrease In available Information corresponding to 
Increase In workload. 
Operation complexity: representing cognitive load and sensory modes required for 
performance, as expressed by a number of workload sub-components Including 
mental complexity, visual demands, auditory demands and modes of required 
input/output. 
Operation criteria: the degree of precision required to perform the operation, higher 
performance criteria In terms of required precision corresponding to higher workload. 
Mental effort: the 'energy Intensity' associated with cognitive activity required for 
successful performance of the operation. 
0 Physical effort: the Intensity of physical activity associated with task performance. 
inter-group contlict 
Social Identity theory (e. g. Tajfel & Turner, 1979; Hogg & Abrams, 1988) holds that as a result 
of habitual human tendencies to categorlse things as an aid to understanding and efficient 
cognition, we assign people and their attitudes Into classes in a group situation. People 
consider themselves to be members of the 'in-group', leading to discrimination against the 
$out-group'. Unsworth and West (2000) comment upon several effects In group settings 
arising from the implications of social identity theory, 
In-group members evaluate their group on dimensions that maximally differentiate 
them from the out-group, and which also show the in-group In a more positive fashion. 
When the work group itself Is the most salient categorlsing characteristic, the whole 
team becomes the in-group and there will be no out-group discrimination. The effects 
of diversity on effectiveness are therefore minimal. 
If an in-group and out-group develops within the work group, for example: if a person 
identifies with only those of the same gender within the team, a more pronounced 
effect of diversity upon the effectiveness of the team may follow. 
* The effects of diversity on performance are dependent upon the specific type of 
diversity in question, e. g. task-related attributes or person-characteristics. 
Organisational culture and groupworking climate 
Many culturally determined aspects of organisations have been addressed by organisational 
culture and climate research, including organisational effectiveness (e. g. Denison, 1990) and 
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safety (e. g. Grote and KQnzIer, 2000). Research Into the factors that Influence Innovation by 
West and colleagues (West, 1990; West & Anderson, 1993,, 1996) proposes four factors that 
are required to create an effective cAimate for Innovation: 
" Vision: a clear, shared, negotiated, attainable and evolving Ideal of the valued 
outcome needs to be present, giving the group focus and direction. 
" Participation or participative safety: reduces resistance to change, encourages 
commitment and empowerment and allows all team members' opinions to be heard In 
a safe environment. Participation has been found to predict the number of 
innovations introduced by top management teams. 
" Support for innovation: the principal predictor of Innovation that helps to reduce threat; 
often present when forwarding new and original ideas to the rest of the group. 
" Task orientation: required commitment to excellence and high-quality Innovations. 
Task orientation has been found to predict the administrative effectiveness of 
introduced innovations. 
Unsworth and West (2000), drawing upon the work of Reichers and Schneider (1990), define 
work group climate as shared perceptions, values and beliefs regarding formal and informal 
policies, procedures and practices, that can Influence perfon-nance, productivity and 
innovation. Commenting upon research in the area, the authors state that climate can 
influence performance through stress and job-satisfaction, In that dimensions of climate Such 
as support, respect for rules, goal-oriented information and innovation are related to variables 
such as level of role conflict, ambiguity, job tension, and overall satisfaction experienced by 
group members. An effective work group climate Is therefore related to happy, unstressed, 
satisfied group members. 
Successful team-based organisations require commitment to the skill development, well-being 
and support of employees. Where the climate is characterised by high control, low autonomy 
for employees, lack of concern for employee welfare and limited commitment to training, 
group-working effectiveness will suffer as a result (Markiewicz & West. 1997). Unsworth and 
West (2000) comment that competition and intrigue create an untrusting environment that 
undermines facilitative factors, such as shared objectives, participative safety, constructive 
controversy and support, which effective group-working relies upon. 
Mohrman et al (1995) demonstrates that inter-team competition is a major threat for team- 
based working, as competing teams may develop more commitment to their own success 
than to that of the organisation on a whole, which may in turn lead to the withholding of vital 
information and support from other 'competing' teams. A competitive culture may, therefore, 
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promote individual work group goals above and without reference to the broader goals of the 
organisation. 
In terms of what may be regarded as broader cultural influences, Erez and Earley (1987) 
demonstrate that cross-national differences in work group performance can be explained by 
differing values held by group members towards goal setting strategies. Hofstede (1980) 
conducted research using IBM employees in 40 countries and employed a classification 
system comprising originally four dimensions, later amended to include a fifth (Hofstede, 
1991), to identify cultural variance in work related attitudes and values. For example, in terms 
of the following dimensions, the UK can be said to have low power distance, low uncertainty 
avoidance, be highly individualistic and possess a masculine culture: 
Individualism-collectivism: the degree to which people employees in a particular 
society define themselves as individuals or group members. 
Power distance: the extent to which employees in a society tend to maintain distance 
from their superiors, indicated by factors such as the degree of formality with 
supervisors and the extent of informal and equal relationships with superiors. 
Uncertainty avoidance: the degree of ambiguity about the future which can be 
tolerated amongst employees in a specific society, indicated by future planning and 
future anxiety. 
Masculinity-femininity: whether achievements and recognition (masculine) or the 
quality of interpersonal relationships (feminine) are valued highest in workplaces in a 
society. 
Long-term perspective: perceived permanency and commitment to long-term goals in 
the workplace. 
Smith & Noakes (1996) review research into cultural differences in group working practices 
and draw several conclusions regarding cross-cultural 
disparities in the definitions of what 
constitutes a work group and the values that relate 
to it's performance: 
The meanings of work group behaviours, such as participation and the obligations of 
work group membership, vary by cultural location. 
of the five dimensions proposed by Hofstede (1980; 1991), the individualism- 
collectivism distinction is most important for the effectiveness of collaborative efforts, 
such as work group practices, in organisations. Furthermore, high individualism 
correlates strongly with low power distance and collectivism with high power distance. 
Work group-based organisation is easier to implement in collectivist cultures. 
Compared with Western organisations, Japan is a collectivist society. The attributes 
of the Japanese work groups are high work involvement, long-term time perspective, 
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high organisational commitment, low differentiation of specialist roles, acceptance of 
hierarchy and collective decision-making. 
Definition of a work group is culturally relative and explicable In terms of specific 
concepts such as Hofstede's (1991) collectivism-individualism dimension. 
Individualist cultures view group members as Individuals who each use their skills on 
a different part of a task and who will be dropped by the team If their contributions are 
judged inadequate. Collectivist cultures consider work groups to comprise employees 
varying in seniority, but who have a long-term commitment to the organisation and a 
shared responsibility for all aspects of its performance. 
Research into organisational development practices shows that group participation In 
the USA leads to more effective change programs, whereas more collectivist, high 
power distance cultures don't display benefits from group participation, which may 
actually have a detrimental influence upon effectiveness. 
The nature of lower power distance cultures means that the need for leadership is 
reduced and group participation Is favoured, as a means of Increasing individual 
employee control overwork. 
Collectivist cultures enhance the social motivation to perform well and have been 
demonstrated to reduce social loafing and promote success in quality-circle teams, 
where this latter technique has experienced relative failure In countries high on 
individualism. 
Organisational context 
Unsworth & West (2000) argue that the organisational context in which work groups operate 
is a powerful determinant of work group effectiveness. The authors outline the main 
organisational contextual factors that impact upon work group effectiveness as: 
9 How people are rewarded in the team and the organisation. 
The technical assistance available to support the team in its work. 
Whether the organisational climate is supportive both of people and of team working. 
The extent of competition and political intrigue within the organisation. 
The level of environmental uncertainty in relation to the task, customers, suppliers, 
market share, etc. 
Brodbeck (1996) gives the following examples of situational constraints imposed upon a work 
group's functioning: 
* material resources. 
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" Task complexity. 
" Work flow interdependence. 
" Environmental uncertainty. 
" Market growth. 
" Technology. 
iT Support 
The adequacy of information technology to facilitate human communication Is an Important 
factor that may influence operational performance. Information management systems 
influence work group performance by providing or withholding the necessary information to 
effectively plan and perform group tasks (Hackman, 1990). Unsworth and West (2000) 
comment upon the impact of communications technology upon work group performance by 
influencing communications between group members: 
A study by Rice and Shook (1990) examined the use of voice mail in organisations. 
The technology was found to overcome communications restraints such as the 
requirement for both individuals to be available at the same time. The authors 
conclude that voice mail is valuable for coordinated, collaborative tasks such as 
group-working, and has considerable potential. 
4o Teleconferencing: allows teams to work across large physical distances but still 
communicate as a group. There is, however, some suggestion in the research 
literature that teleconferencing is not a viable substitute for face-to-face meetings. 
In an evaluation of the use of CSCW systems in the automotive industry, Siemieniuch and 
Sinclair (1999b) comment upon the role of information and communications technology In 
supporting information-handling and collaborative working of groups that are geographically 
distributed throughout the supply chain. Several technological issues are important for the 
performance of distributed work groups: 
Successful concurrent engineering processes require that virtual teams of individuals 
from different companies, who collaborate to achieve common goals, are supported 
and networked through technology. 
Different information management systems must be integrated to ensure adequate 
timeliness, security, ownership, integrity and awareness of the data transferred. Data 
must be shared and made available throughout the network, rather than sequentially 
transferred from station to station. 
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Organisational issues such as lack of trust between groups, procedural Inadequacies, 
role and task inflexibility, lack of employee empowerment and incompatibility In 
organisational policies, cultures and languages, often compound the influence of 
technology on virtual team performance. 
CSCW systems are required to provide project management tools that allow on-line, 
available, up-to-date and accurate temporal scheduling on a project-wilde level. 
Technology should also facilitate the development and dissemination of technical 
knowledge regarding product design and engineering, through providing centralised 
stores of product-relevant information, or 'product libraries', that allow broad access to 
current data models and specifications. 
0 Computer-conferencing requirements mean that CSCW systems should support voice 
and face-to-face communications and provide facility for shared access to 
applications. 
0 Successful application of CSCW in the supply chain requires organisations to display 
several attributes: transparency in work goals, problems and methods, willingness to 
share benefits and trust partners with potentially sensitive information. Additionally, 
there must be clear policies governing supplier interfaces and clear processes for 
collaboration and data exchange. The efforts of people in cross-organisational or 
cross-functional collaborative group-working activities must be supported by 
appropriate role redefinition and training needs identification. 
Davenport and Prusak (1998) report a case study of work groups using virtual team-working 
technology in British Petroleum, to collaborate across geographically different locations. The 
initiative incorporated hardware and software aimed at duplicating, as far as possible, the 
richness of face-to-face contact, accepting that individual expertise often resides in the 
subtleties, variety and 'human' aspects of this type of communication. With this aim in mind, 
desktop videoconferencing equipment, multimedia e-mail, application sharing, shared 
chalkboards, document scanners, tools to record video clips, groupware and a Web browser 
were all made available at Virtual Teamwork stations. The authors report the outcomes of the 
study as follows: 
Quantifiably measured productivity increases and savings in both money and time 
demonstrated the success of the project. 
Success was also demonstrated by qualitatively measured effects such as increasing 
volume of use and participant enthusiasm. 
The costs associated with travel and expenses required to bring experts to a site was 
significantly reduced. 
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There were measurable productivity improvements related to more efficient 
information searches, issue resolution and reductions in duplication and wasted travel 
time. 
Virtual team-working was considered to be a key factor contributing to the project 
meeting its target date. 
A successful example of how communications technology can be used to support 
knowledge sharing in an organisation, by bringing experts and the relevant situations 
requiring specific expertise, together. 
Notably, though, face-to-face meetings were still required to establish mutual trust and 
understanding and to resolve issues requiring the collaboration of a large number of 
team members. Once established, however, trust was better maintained and more 
commitments honoured due to the introduction of subsequent face-to-face 
videoconferencing, than by telephone or mail correspondence. 
Technology allowed the creation of work groups from widely scattered individuals, and 
individuals who would not normally easily collaborate due to departmental as well as 
geographical boundaries. 
The technology was judged to contribute to a more collaborative culture of executive 
decision-making across the organisation. 
According to McGrath and O'Connor (1996), technology and communications technology in 
particular, holds important implications for the temporal patterning of communication in work 
groups. Aside from the effects of introducing complex technology in the work place on 
temporal organisation of task performance sequences, there has been significant interest in 
the effects of computer-mediated communication in work groups. The authors summarise 
some of the main Issues raised by comparing these groups with normal face-to-face 
interactive groups as follows: 
* Different transmission and feedback times. 
0 Different speed of communication-related activities (e. g. typing is slower than talking). 
0 Different timing of components of the interaction process (e. g. in computer- 
conferences, composition, editing, transmission and reception times are longer and 
these activities don't take place concurrently, as they do in normal face-to-face 
communication). 
0 Different degrees of turbulence in the flow of information in the interaction. 
Different constraints on the possible range of modalities available to communication 
(e. g. non-verbal and paraverbal cues aren't as readily available in computer-mediated 
interactions). 
Information transmitted between interacting partners in computer-mediated group- 
working is less rich, which can make decision-making processes and reaching 
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consensus amongst group members with differing perspectives both slower and more 
problematic. 
The effects of communications technology on work group performance are mediated 
over time by the work group's experience. 
The effects of communications technology may also interact with other variables such 
as task type, complexity and degree to which the task requires consensus, group 
composition, group member socialisation in the group and group member experience 
with the technology in question. 
One of the biggest challenges for information technology to support modem working practices 
lies in achieving functional socio-technical integration. CSCW systems must therefore 
adequately integrate with social processes within an organisation, if they are to be accepted 
and functional (Eason, 2002). 
Human motivation 
in a review of conceptual attempts to understand motivation, Foster (2000) states that 
motivation exerts three important influences upon human behaviour In the working 
environment: direction, effort and persistence. 
Theories that have been proposed to account for motivation tend to fall into one of 
three general categories: those that presume people are motivated by internal factors 
('need' theories), those that presume people are rational (expectancy or goal setting 
theories) and those that presume people are motivated by external factors (equity 
theory). 
'Process' theories which address the question of what influences people's persistence 
at work, rather than why do people work, tend to emphasise either motivation (e. g. 
goal-setting theory) or job-satisfaction (e. g. equity theory) and can be invoked to 
account for variance in human performance outcomes. 
Buchanan and Huczynski (1997) define motivation as the internal psychological process of 
initiating, energising, directing and maintaining goal-directed behaviour. Motivation is a broad 
concept that encompasses individual preferences for specific forms of action, the strength of 
their response and persistence of behaviour. The authors also comment that organisational 
designers and developers still largely lack the ability to create organisations that consistently 
and predictably motivate their members. 
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Furnham (1997) reviews the 'expectancy, or VIE (valence, Instrumentality and expectancy) 
theory of work motivation. The theory is multiplicative, In that motivation is highest when 
levels of all three variables are high, yet zero if any one of the three components falls to zero. 
The three factors that affect motivation according to this theory are: 
" Valence of achieved outcomes (perceived desirability/value of rewards associated 
with outcomes to the individual). The outcomes themselves may be 'first level' or 
direct, such as payment for work performed, or 'second level'Andirect, e. g. promotion 
for consistent high standard of work performed over time. 
" Instrumentality referring to the belief that ones performance will be rewarded. The 
degree to which the individual believes their performance will be Instrumental in 
achieving the desired outcome and hence eliciting reward. 
" Expectancy, or the 'action-outcome' association that productive effort will result In the 
achievement of the desired outcomes. 
Locke (1968) holds that motivation is influenced by specific intrinsic characteristics of work 
tasks, namely features associated with the goals of work task activities. These include the 
difficulty of goals (increasing difficulty results in increased performance up to a point), the 
specificity of goals (highly specific goals tend to increase performance compared to more 
general ones) and the presence of feedback regarding the current level of goal attainment. 
Locke and Latham (1990) propose an integrated theory of motivation that depicts motivation 
as a complex process, subject to various moderating factors. Job satisfaction, for example, 
does not influence motivation directly but acts through influencing commitment to the 
organisations goals in determining high performance. Well specified, high yet attainable 
goals, high expectancy on the part of the individual and high self-efficacy all influence 
performance through increasing the effort, persistence and sense of direction in people's 
approaches to work tasks. This effect is moderated by the individual's commitment to the 
organisations goals, their ability, task complexity and inherent feedback and broader 
situational constraints. The achievement of high performance outcomes leads to the delivery 
of rewards, subsequently affecting job satisfaction which in turn feeds back by Influencing 
Commitment to the organisations goals and future performance and goal level expectancies. 
The motivational process therefore forms a 'high performance cycle'. 
Vroorn (1964) proposes three Important performance determinants that influence human 
performance through influencing motivation for effective activity in the work-place. The effects 
of the variables expectancy, instrumentality and valence on human performance are 
multiplicative, in that motivation is highest when levels of all three variables are high, yet zero 
if any one of the three components falls to zero: 
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Expectancy belief: an 'action-outcome' association belief that the individuals work- 
place activities will result in the achievement of specified outcomes. This variable 
represents the fact that the efficacy of work activities In achieving the objectives of 
production may vary. 
Instrumentality belief: referring to the belief that ones performance will be rewarded. 
The degree to which the individual believes their performance will be instrumental In 
achieving the desired outcome and hence eliciting reward. 
Desirability of outcomes of activity: the outcomes themselves may vary In terms of the 
desirability of the rewards they represent. Rewards not necessarily confined to 
external reward for objective attainment, e. g. pay incentives, but can Incorporate 
intrinsically rewarding features of the task itself. To a large extent, personality factors 
can influence the perceived value of rewards. 
Perfonnance feedback 
Fletcher (2000) comments upon the importance of performance feedback for the individual, 
stating that performance is improved by supplying information regarding the effectiveness of 
ongoing behaviour. Performance feedback is an essential psychological prerequisite for 
learning that allows individuals to acquire knowledge as to the value of results they are 
already achieving. The author also highlights the link between performance feedback and 
motivation, by stressing that the very act of giving feedback provides motivation as people 
have an inherent desire to know the efficacy of their actions and behaviour. Formalised 
performance feedback processes in the organisation, such as staff appraisal or evaluation 
procedures, also provide motivation by governing the allocation of rewards and reinforcing 
positive performance through offering incentives related to salary and personal development 
opportunities. Assessment practices that involve target-setting also have a motivating effect 
by directing the individual's efforts towards the achievement of specific goals. 
Team performance is most effective when rewards are administered to the team as a whole 
and not to individuals, and when they provide incentives for collaborative rather than 
individualised work (Unsworth & West, 2000). 
Fletcher (2000) highlights the importance of formalised performance evaluation and 
management processes in organisations. These processes have several important influences 
on performance and other performance-related factors: 
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Performance appraisals guide reward processes by ensuring the fair allocation of 
rewards to individuals and organisational sub-units on the basis of performance. 
Reward and reinforcement of positive performance Is an important motivator. 
Assessment practices allow performance target setting, motivating people towards 
achieving the organisations objectives. Participative target-setting activities also 
ensures cohesion and coordination between the goals and efforts of the Individual's 
behaviour and the strategic objectives aimed at the creation of value on the part of the 
broader organisation. 
Performance appraisals are one of the key processes which support human or work- 
force development, by allowing the evaluation of development needs in terms of 
training and skill acquisition or maintenance. 
Performance evaluation processes allow the organisation to plan for the future, by 
aiding the identification of human potential and allowing the strategic manipulation of 
human capital within the organisation. One example of future planning Is the 
formulation of staff succession strategies. 
0 Formalised assessment procedures also allow the permanent recording or 
documentation of performance over time. 
Decision Processes 
Group-working and decision-making processes are implicated by consideration of how 
performance loss due to social-interactive processes can be averted. Research indicates 
various instances of apparent negative performance effects resulting from the aggregation of 
individual's work efforts in group situations. Rogelberg et al (1992), for example, reports that 
whilst groups make better decisions than the average quality of individual's decisions when 
rated by experts, they consistently fail to exceed the quality of decisions made by the most 
capable group members when working as individuals. 
Diehl and Stroebe (1987) in their study of 'brainstorming' groups, report that the quality and 
quantity of ideas produced by individuals working alone exceeds those produced when 
individuals work together. Effective group methodology and organisation of group-working 
processes should therefore aim at minimising performance losses. Rogelberg et al (1992) 
propose a structured decision-making methodology or procedure, based upon the idea that 
where group discussion and suggestion processes are delayed until after individuals have 
been allowed thinking time, and then all suggestions are discussed by the group, the resulting 
group decisions are at least of the quality of the most capable individual members. 
290 
West (I 996a) after reviewing literature on group brainstorming concludes that group members 
should generate Ideas Individually before bringing them to the group, which should then give 
air-time to all the ideas of each Individual, before evaluation and selection take place. Group- 
working processes can therefore be altered to counter so-called 'production-blocking' effects 
that occur in group situations. Rogelberg et at also report that in high performing groups. 
there Is typically a stronger correlation between 'airtime' In group discussions and group 
member expertise than In groups that perform poorly, suggesting that group-discussion 
processes should take account of the distribution of expertise within the group. Tjosvold 
(1985) suggests that group-working procedures that Involve fostering conflict In a structured 
way leads to more effective group decision-making. Multi-disciplinary work team literature 
suggests that group-working procedures aimed at functional integration convey performance 
benefits due to varied participation and combination of a broad range of experience and 
expertise brought to bear upon group tasks (e. g. Jackson, 1996). 
Unsworth and West (2000) state that due to the increased demands of communication In 
groups of several individuals during decision-making processes, it is often necessary to have 
someone in the role of 'facilitator' to direct discussion at meetings. The assignment of the 
facilitator role can exert specific effects upon the nature and hence effectiveness of group 
interactive processes: 
Group leaders are capable of facilitating effective discussion, but this requires strong 
control. 
Sharing the facilitative role between group members or assigning it to a junior member 
of the work group can make meetings more participative and discussion more active, 
whilst still maintaining consensus and order. 
Work group decision-making processes include several sub-elements (Unsworth and West, 
2000): 
* Problem recognition and definition: work groups must engage in extensive scanning 
and problem-discussion in order to formulate appropriate plans and actions. 
Solution generation: producing a variety of possible problem solutions increases the 
chances of obtaining high quality and innovative decisions. Group brainstorming Is an 
often-employed approach to generating a range of possible solutions to a problem. 
e Solution analysis and choice: analysis and evaluation of possible solutions must be 
based upon task-related criteria. 
0 Solution implementation: successfully implementing and maintaining the chosen 
decisions depends upon high participation levels within the work group. 
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Maier (1970) found that work groups which focus upon the problem as well as the solution, 
are more effective. Defining the problem through analysis Improves work group decision- 
making and defining the problem from a variety of different perspectives produces a broader 
range of possible solutions. 
Employees who have participated in decision-making have greater satisfaction with, 
commitment to and ownership of decisions than those who do not. Participators In the 
decision-making process will be less likely to let the implementation fail as a result of 
increased task ownership and shared responsibility for the outcome of a work group's efforts. 
Participation is therefore a key motivator for commitment to high standards of performance 
(Unsworth and West, 2000). 
The absence of rational, task-related evaluation of proposed actions In a group decision- 
making situation is one of the key features of the 'groupthink! phenomenon (Janis, 1982), in 
which opportunities for reaching a high-quality decision are sacrificed in order to maintain 
cohesion within the group. 
Unsworth and West (2000) offer minority dissent as another factor that can influence group 
decision-making processes, by bringing about sustained change in attitudes as a result of 
persistent task-related conflict. 
There is some research evidence to suggest that cohesive groups tend to devote more time 
to planning and problem-solving behaviours than less cohesive groups, which incur more 
communication and coordination costs and therefore have less attention to devote to problem- 
solving under time pressure (Ouchi, 1980). 
West (1990) proposes two successive processes involved in innovation in work groups. Idea 
generation or brainstorming is a result of interactive processes and the level of motivation, 
knowledge and skill within the work group, whereas idea implementation refers to the process 
by which innovative ideas are translated into new products, methods and services. 
'Groupthink' is a group syndrome reported by Janis (1982,1989) in which groups may make 
erroneous decisions due to a pre-occupation with maintaining internal agreement over 
consideration of the quality of group decision-making. Several issues are associated with 
groupthink: 
Groupthink is most likely to occur in groups with a dominant supervisor, Implicating 
the training of supervisors to be more facilitative in group decision-making, rather than 
forcing their own opinion. 
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0 Groupthink Is most likely to occur In work groups that are high In Internal 
cohesiveness. 
0 Conditions that foster isolation of the group from alternative perspectives and sources 
of information are conducive with groupthink. 
0 Organisations in which different departments feel In competition with one another 
promote 'in-group' favouritism and therefore a greater likelihood of groupthink. 
Groupthink is characterised by decision-making and group behaviour that is not based 
upon rational information and reality, but rather Is motivated by group-consensus 
seeking. 
It has been stated that groupthink may be minimised by exploiting the diversity of 
perspectives inherent in work groups comprising multi-national or culturally heterogeneous 
members (Smith & Noakes, 1996). The level of cohesiveness itself within a group does not 
appear to be a crucial factor for the occurrence of groupthink (McCaulay, 1989). 
Conflict in the group decision-making process can have a positive effect upon group 
performance, by promoting the elaboration of views, the integration of opinions and the 
search for new information and ideas (Tjosvold, 1985; 1991). Constructive controversy in 
intra-group interactions has been found to be an important factor Influencing the 
innovativeness of work groups (West & Anderson, 1993). 
In minority influence theory (Moscovicl, 1982; Moscovici, Mugny & Avermaet, 1985), minority 
dissent can have a sustained and powerful influence upon the attitudes and opinions of others 
in the group, through the cognitive and social conflict created by enduring task-related conflict. 
The minority's influence is a result of their consistent and coherent disagreement With the 
majority opinion, which forces other group members to examine the source of conflict more 
thoroughly and think more adaptively around the problem, often resulting in more effective 
decision-making. 
West (I 996a) highlights several important Issues for work group performance from research 
into minority influence effects: 
Exposure to minority influence can cause marked internalised changes in attitudes in 
the direction of the deviant view as a result of the cognitive or social conflict generated 
by the minority's disagreement with the dominant view. 
Conformance to a majority view is often general public compliance without necessarily 
a change in private beliefs. Minorities, in contrast, appear to produce a shift in private 
views rather than mere public compliance. 
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" Minorities encourage greater diversity in thinking about the Issues they raise even 
when they don't cause the majority to adopt their viewpoint. 
" Minority influence In work groups can lead to very different patterns of group 
processes than majority Influence, and that the conflict generated by minorities may 
lead to new orientations within groups towards group objectives and decisions. 
" There is a general lack of research evidence concerning whether, In what 
circumstances and how minorities in work groups affect group performance. 
Intra-group conflict has also been highlighted as an Inherent stage In the developmental 
sequence of groups (Tuckman, 1965), Involving a perlod of conflict and emotionality, as 
members become assertive, argue and seek to manipulate the group to satisfy their own 
needs. 
Courtney (2001), in a consideration of the personal or individual perspective in organisational 
decision-making, identifies several Important individual vadables that Influence decision- 
making style, including: individual expedences, training, Intuition, values, ethics, personality 
factors and attitudes to dsk. The author comments that for partially structured decision 
problems, such as are commonly encountered in an organisational context In which social, 
environmental and ethical concems must be considered In addition to technical factors, 
identifying and incorporating as many diverse individual perspectives as possible in the 
decision-making process is important for overall decision-effectiveness and successful 
implementation of solutions. The different types of Individual's decision-making strategies 
highlighted by Courtney are based upon propensity to use five different Inquiry styles 
associated with philosophical traditions: 
" The Hegelian Synthesist, who embraces conflict and integrates Information from 
opposing views in order to formulate a synthesis incorporating those aspects of each 
opposing view the observer considers most plausible. This approach has been found 
to be effective in sounding opposing viewpoints and the assumptions upon which they 
are based, and may be particularly successful in strategic planning problem situations. 
" The Kantian Idealist values both data and theory and employs multiple analytic views 
in search of an ideal solution. Based upon observations, the inquirer constructs 
various models in order to explain those observations; the model that best fits the data 
being eventually adopted whilst the others are discarded. This approach Is both 
theoretical and empirical in its decision-making style and, it is suggested, Is suitable 
for problems of moderate complexity. 
" The Leibnizian Analyst uses models, mathematical and formal logic techniques to 
derive optimal solutions through Inferring cause and effect relationships. This 
approach has been termed 'analytic-deductive' and represents a formal, inflexible 
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approach that relies upon well-established rules and procedures. It is suitable only to 
simple, well-structured problems such as those that arlse In scientific technical 
domains. 
The Lockean Realist is an inductive reasoner who seeks concrete facts upon which to 
base decisions as opposed to generalised theories. Decision-making Is therefore 
based upon interpretation of facts or observations. This style of decision-making Is 
more effective where the problem situation Is highly environmentally determined. 
The Singerlan Pragmatist is open to multiple perspectives that are employed as and 
when they are required according to the features of the problem situation. This 
decision-making style may therefore be considered most adaptive as it Is capable of 
encompassing and may utilise the previous four styles as and when appropriate. It Is 
also perhaps most appropriate for contemporary organisational environments 
involving complex socio-technical problem situations, the solutions of which may 
potentially influence multiple stakeholders. This style may be considered innovative 
and adaptive, and as such suitable for more complex situations. The decision-maker 
will make a point of sounding multiple perspectives and stakeholder groups involved 
in a problem situation and employs 'systemic thinking'; In appreciation of the 
interconnectivity of variables in complex problems. 
Work group development and leaming 
The time dimension becomes important for work group effectiveness in the consideration of 
group developmental sequences and temporally determined factors, implying that over the 
course of time, different factors will become prominent in influencing work group effectiveness 
(e. g. Tuckman, 1965; Smith & Noakes, 1996; McGrath & O'Connor, 1996). Tannenbaum, 
Salas and Cannon-Bowers' review of efforts to promote work group effectiveness (1996) 
incorporates a temporal dimension in the definition of work group effectiveness, defining 
performance in terms of how well the team accomplishes it's goal or mission and its ability to 
develop and regenerate itself, allowing it to sustain its performance and accomplish its 
mission over a pedod of time. This consideration becomes important for the effectiveness of 
a work group's functioning, which may not reach optimum output until vadous factors 
associated with the novelty of the situation in a newly formed group are overcome. 
Tannenbaum et al also accept that a work groups needs may vary between different stages of 
group development, stating that different needs at different times require specific 
interventions. Possible needs may include role conflict, lack of technical skills and 
communication problems, amongst others. 
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From a review of over fifty studies of group-working, Tuckman (1965) proposes a theory of 
group development incorporating several stages. According to this developmental approach, 
groups progress through different stages of socio-emotional and task behaviour and activity, 
over time. Tuckman's original four group developmental stages were later amended by the 
author to incorporate a fifth developmental stage. The proposed stages of group 
development are: 
'Forming' involves a period of orientation and dependence during which members are 
anxious about belonging to the group. 
" 'Storming' involves conflict and emotionality as members become more assertive, 
argue and seek to manipulate the group to meet their own needs. 
" 'Norming', in which negotiation about how to proceed reaches a conclusion and 
conflicts are resolved resulting in group cohesion. 
" 'Performing' involves role-taking and problem-solving In order to achieve mutual 
goals. 
'Adjourning', in which members begin disengaging from the group both socio- 
emotionally and in terms of task performance, in anticipation of the end of the group. 
Smith and Noakes (1996) state that there is some evidence to suggest that multinational work 
groups exceed the performance of their monocultural counterparts over longer time periods. 
The authors propose that the delay in achieving high-performance outcomes in culturally 
diverse work groups is due to extended maturation time required to overcome. language 
problems, problems of access, differing understandings of how to form Interpersonal 
relationships, differing perspectives on time, different preferred leadership styles, differing 
opinions as to the functions served by group meetings and the development of cultural 'in- 
groups', all of which have a detrimental effect upon work group performance in the initial 
stages of group development, but then dissipate over time. The value of the time factor at 
any specific point can therefore be said to modify the relationship between group composition 
(specifically cultural diversity) and work group effectiveness. 
McGrath and O'Connor (1996) hold that groups are dynamic systems that develop and 
change over time. A work group's functioning is therefore affected by four key temporal 
processes during its lifecycle: 
The origins and subsequent development of a group as a socio-technical system. 
The processes by which the work group performs its tasks. 
Changes in the group as a function of its own developmental and task performance 
experience. 
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Dynamic changes that occur in groups as a result of changes In their environments 
and constituent parts. 
McGrath and O'Connor (1996) offer the concept of synchronisation or coordination of multiple 
activities In time as a factor that affects group task performance. Synchronisation involves 
issues such as task concurrency, succession and coordination, and Is Influenced by the work 
group's technology; especially communications technology. Important points made by the 
authors include: 
The important issue is to address the question: how Is the flow of interaction In groups 
patterned over time? 
Temporal patterning of collective group action or task performance Involves 
consideration of the frequency, duration, periodicity, sequences and temporal 
locations of interactive behavioural events. 
Argote & McGrath (1993) propose four generic 'CORE' processes (Construction processes, 
Operations processes, Reconstruction processes and External Relations processes) as 
descriptive of activities that take place In the typical work group life-cycle. 
The development of group norms, procedures and routines over time Is a form of group 
learning (McGrath & O'Connor, 1996), representing the collective development of group 
members knowledge and skills through experience of task performance. One approach to 
the study of development of group norms is 'adaptive structuration theory, which seeks to 
explain the patterns that groups develop in order to carry out their work. There is however a 
paucity of research on two important topics: 
How work group performance varies as a function of development and change in 
methods, structure and division of labour. 
How groups 'embed' their learning in new standard operating procedures, new norms 
and new project plans. 
West (I 996b) states that group-working practices enable organisations to maintain 'memories, 
of knowledge and lessons learnt relating to organisational functioning. Through group 
experience, shared knowledge and skills develop which are then retained, even if one 
member leaves the group. Information therefore continues to be maintained In group 
memory. 
Mohrman, Cohen and Mohrman (1995) incorporate the fact that work groups enable 
organisations to learn and retain leaming more effectively as one of the main reasons why 
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organisations implement group-based working approaches. McGrath and O'Connor (1996) 
state that if 'learning' is to occur, groups must have some way of embedding the knowledge 
gained from experience of performing tasks. Learning must therefore be embedded in 
members, projects, technology and combinations of all three, for example: member- 
technology pairings such as in habitual routines, member-project pairings such as In the 
division of labour or role networks, and as project-technology combinations such as In project 
templates, norms, standard operating procedures, etc. Several authors have adopted a 
group-information-processing approach to the study of factors such as group learning and 
transactive memory (a so-called 'socio-cognitive processing/factors approach), mimicking the 
human-information-processing approach dominant In cognitive psychology aimed at the 
individual. The authors also highlight several central Issues for the study of group learning 
and performance over time: 
Where in the system does 'leaming' reside? 
What conditions influence the retrievability of learning (for example, learning may be 
lost with group member turnover)? 
What interventions are necessary to maintain learning (for example, cross-training of 
work group members to increase redundancy of skills new knowledge, consequently 
minimising loss due to staff turnover)? 
How does the more tangible evidence of learning ('hard-copy' archival records, 
meeting minutes, correspondence, production and sales records, etc. ) fit into a socio- 
cognitive model of group learning and memory activities? 
West (1996a) comments that group effectiveness can be considered in relation to three types 
of outcome: 
Effectiveness of the group in meeting its organisational goals, including those for 
innovation. 
0 Effectiveness in terms of a group's long-ferm viability, Le. how long they are able to 
continue functioning, influenced by factors such as: group member satisfaction, 
participation and willingness to continue working together, as well as by level of social 
support, effectiveness of conflict resolution methods, team social climate and support 
for team member growth and development. 
Group effectiveness in terms of the mental health and growth and development of 
team members, i. e. teams may be considered ineffective if pressure resulting from 
team functioning means that individuals are unable to achieve organisational goals 
satisfactodly. 
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Planning and scheduling 
McGrath and O'Connor (1996) summarlse the main challenges faced by work groups In the 
planning of the performance of complex tasks that require coordination and synchronisation. 
Their approach adopts a temporal perspective on complexity In group tasks which, It Is 
proposed, can be overcome by temporal planning of collective action Involving allocation, 
synchronisation and scheduling activities. Successfully functioning work groups must 
therefore plan to overcome three key temporal issues in order to perform effectively: 
Work groups must plan to allocate available resources, Including temporal ones, In 
order to match resource availability vAth the demands of the task and situation. 
They must plan the coordination of both content and timing of the actions of multiple 
individuals with one another, synchronising actions within and between Individual 
group members. 
They must plan the scheduling of task activities, by anticipating what actions and 
events will take place and when they will occur. 
Gersick (1988) offers insight into how externally imposed deadlines influence the flow of work 
in groups. Project deadlines influence group work by shaping work flow into a Upunctuated 
equilibrium" pattern, in which the amount of time remaining for the group to complete it's tasks 
shapes the phases of a project, rather than the amount and type of work performed 
previously. 
Kelly, Futoran and McGrath (1990) found that imposed deadlines or temporal markers on task 
performance sequences entrain factors such as rate of productivity and pattern of interaction, 
an effect that generalised to later instances of task performance. Two specific patterns of 
entrainment were noted: 
Response to problems of capacity (how much can the system do In a given time? ). 
When initial task performance attempts raise problems of capacity, individuals and 
groups speed up their rate of production to compensate on subsequent tasks, even if 
time constraints have been relaxed. 
Response to problems of capability (how much task difficulty can the system 
handle? ). When initial task performance attempts raise problems of capability, 
individuals and groups slow down their rate of production on subsequent attempts, 
presumably to accommodate the deeper cognitive processing necessary to 
understand the complexity inherent in the task. 
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McGrath and O'Connor (1996) propose that the relationship between Imposed deadlines and 
performance goals is important to productivity. The authors advocate the expansion of the 
concept of goal setting beyond the dimension of quantity to Include Issues of quality and 
timing as well. McGrath and O'Connor (1996) defines organisational scheduling activities as 
the matching of specific periods of time to specific sets of activities and to specific social units 
(i. e. individuals and groups) that are to perform those activities. The authors comment that 
periods of time that are the same size are not necessarily interchangeable, nor are sets of 
activities or the units charged with the performance of tasks. Several other issues are raised: 
0 Some sets of activities are temporally inflexible in that they can only be done at 
certain specific times vvithout incurTing penalties in terms of efficiency. 
0 Some periods of time are not versatile In terms of what activities can be performed 
within them. 
Sets of activities vary in terms of their modularity; how easily they are grouped for 
performance in a specific period of time, or decomposed for performance over a 
number of separate time segments. 
Time periods set for the completion of activities are often elastic, or vary within certain 
parameters, depending upon the requirements of the task and whether they allow for 
compromise between outcome factors such as that between time to deliver and 
quality. 
Process loss and boundary issues 
Groups that engage in environmental scanning behaviour have a better chance of discovering 
a problem before it becomes unmanageable (Cowan, 1986). Brodbeck (1996) stresses the 
importance of considering the externally-oriented, environmental integration activities of work 
groups, for effective functioning. The author cites examples such as'boundary management', 
in which the way a work group is integrated into a larger system through coordination with 
other stakeholder groups such as suppliers, peers and customers is an important dimension 
of work group performance, and therefore work groups which are shown to be actively 
managing these external demands are more effective. 
The collective strategies that work groups and their leaders utilise to relate to their external 
environment have been the focus of research. Gladstein-Ancona (1990) concludes that work 
groups facing external demands and new unstructured tasks succeed best by employing a 
'probing' strategy, involving emphasis upon interaction with outsiders to diagnose 
requirements and formulate solutions. 
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Social interactive processes refer to processes that occur as a result of interaction between 
people within a group and can exert both positive and negative influences upon work group 
effectiveness. Steiner (1972) uses the term 'process losses' to refer to the detrimental effects 
of certain social processes on the effectiveness of work group behaviours, such as group 
decision-making. These processes are a direct result of collective working methods and can 
result in work groups achieving performance outcomes that are less effective than the 
aggregate of individual's efforts. Process losses therefore mean that actual team productivity 
is less than potential productivity. 
Stroebe and Frey (1982) specify 2 categories of process losses: coordinational and 
motivational. Coordination process losses occur due to the problems associated with 
arranging and integrating other people in group-working practices. Motivational process 
losses occur when individuals use less effort in performing a task In a group, than when 
performing the same task by themselves. A primary example of motivational process loss is 
the widely reported 'social loafing' phenomenon. 
Innovation 
in a study by West and Anderson (1993) designed to investigate which sub-set of indicators, 
out of a number of measured factors, best predicted innovation in work groups, it was found 
that group innovativeness was inversely related to the size of work group and the level of 
resources available to the work group. Additionally, several factors were found to be very 
effective predictors of work group effectiveness, including: goal commitment, level of group 
member interaction, level of information sharing, group member influence over decision- 
making, practical support for attempts at innovation and task orientation (this latter indicated 
by constructive controversy and group performance monitoring processes). 
West (1990) divides team innovation into two successive components: idea generation and 
implementation, suggesting that innovation processes in work groups result in two distinct 
outcomes: the innovations themselves and their subsequent Implementations or deployments 
in the organisation. Brodbeck (1996) makes the point that 'Implemented innovations' are 
themselves performance outcome indicators of work group effectiveness and not easily 
subsumed under other headings such as productive output or personal/group criteria. The 
effectiveness of work group functioning is therefore partly expressed by how well innovative 
ideas are translated into new products, methods and services. 
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Well-being 
Warr (1996) offers three dimensions for the measurement of employee well-being: 1) overall 
pleasure - displeasure (sometimes referred to as satisfaction - dissatisfaction), 2) anxiety - 
comfort and 3) depression - enthusiasm. Warr comments upon the relationship between 
employee well-being and job performance, stating that although it Is often presumed that high 
well-being leads to increased performance, it is difficult to establish the direction of causality, 
e. g. high job-satisfaction could result In increased performance or may conversely be the 
result of successful (high) job performance. Alternatively, a third unspecified factor (such as 
some feature of the work environment or management practice) may be responsible for both 
high job performance and high satisfaction independently. Performance Is known to be a 
result of a number of factors associated with the individual and the work environment and 
therefore job-satisfaction or well-being cannot account for all variance in performance 
measures. Specific research findings include: 
Multi-item measures of overall job-satisfaction are positively correlated with high 
performance (as rated by supervisors). 
Intrinsic satisfaction (derived from the intrinsic features of performing the actual work 
activities themselves) is more strongly associated with high performance than 
extrinsic satisfaction (resulting from 'background' features of the job that provide a 
context for work activities). 
" The association of satisfaction with performance may be stronger for managerial and 
professional employees, than for others. 
" On the organisation-wide level, academic performance outcomes have been found to 
be associated with teachers overall job satisfaction. 
" Higher levels of job-related tension are associated with lower levels of supervisory 
performance ratings, offering support for the intuitively plausible assumption that high 
reported job-related anxiety and strain is an indication of inability to cope with job 
demands, which consequently results in detriments in effectiveness. 
" There may be an optimal level of experienced challenge, specific to each individual, 
for high performance outcomes; deviation either side of this optimum resulting In 
decrements in performance. Moderate demands are therefore linked to raised but 
manageable tension and high performance, with extremity (low and high) levels of 
tension resulting in decrements to performance. 
" Little direct evidence exists for the beneficial effects of high levels of the depression- 
enthusiasm dimension on performance, but the association is again intuitively 
plausible. 
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Overall job-satisfaction, level of job-related anxiety and enthusiasm (as Indicated by 
active job engagement/voluntary Involvement) all correlate to some degree with 
absenteeism, an organisational level indicator of employee performance. 
I 
Warr (1996) reviews some research into the Influences upon the organisational performance 
indicator employee absenteeism. Absenteeism and its converse, employee attendance, are 
important employee performance indicators on the organisational level and are Influenced by 
a number of different types of variables. On the individual level, sickness, social and family 
pressures can influence the decision to attend. On the organisational level, the presence and 
effectiveness of policies to encourage attendance, support from a supervisor and the 
corporate culture relative to attendance can all influence absenteeism. With regards to the 
latter, the presence of an 'absence culture' comprising specific norms, attitudes and beliefs 
regarding the acceptability of certain levels of absence and perceived consequences of 
absenteeism (including formal and informal sanctions) are also Important. Conventional 
measures of absenteeism fall under two categories: the 'time-lost Index, an Indicator of the 
total duration of absence for a specified period, and the 'frequency inde)e, which measures 
the number of separate incidences of absence within a defined period, regardless of their 
duration. The former is thought to be a better Indicator of involuntary absence and the latter 
of voluntary absence, due to the expectation that genuine sickness absences are likely to be 
longer in duration. Warr summarises various research findings related to performance as 
indicated by employee absenteeism: 
Job satisfaction correlates with both measures of absenteeism, but appears to 
account for more variance in the total time lost indicator than In the frequency Index. 
The same can be said of the effects of job-related anxiety on absenteeism. 
Higher well-being as indicated by high level scores on the depression-enthusiasm 
dimension show a negative correlation with single-day absences, thought to indicate 
voluntary time off work. 
Measures of job involvement indicating active engagement in the activities associated 
with ones working role are negatively correlated with the frequency index of 
absenteeism, meaning that more enthusiastic and proactive individuals in the work 
place demonstrate less incidences of absenteeism. 
Trust 
Goranson (1999) defines trust as "confidence through experience" and states that trust IS 
important in the development of adaptive unofficial communication networks that often 'takO 
up the slack" where formal networks and systems are limited. In an example of the problem 
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quoted by the author, informal communication between nodes, based upon trust, was 
Important in providing Information support to the decision maker, through the sharing of local 
knowledge not captured by formal communication channels. Unofficial networks based upon 
trust are also highly personality-odented and evolve through close collaboration. Accordingly, 
trust in both the nodes or agents and trust In the communication channels that connect them 
is important for successful enterprises. 
Goranson offers a distinction between two types of trust: Inductive trust and deductive trust. 
Inductive trust may be defined as "common confidence" that a specific outcome of Interaction 
with the trusted entity will be achieved based upon historical experience of Interaction with 
that entity. Deductive trust is not based upon reliability, however, but knowledge of 
circumstances surrounding the Interaction. As such, deductive trust recognises that 
experience with an entity may change due to changing circumstances and contextual factors. 
Inductive trust is often subjective and based upon personal relationships, whereas deductive 
trust may be considered to be more objective, more essential for successful decision-making 
within enterprises and can be modelled, analysed and measured. Whereas Inductive trust Is 
based upon repeatability and works with static situations and known agents, according to 
Goranson, deductive trust is based upon insight and can accommodate unknown agents In 
dynamically changing situations. Deductive trust may also be partly based upon Inductive 
experience. 
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Appendix B: Early multi-level conceptual model 
The conceptual model depicted below consists of an eady attempt to Identify performance 
factors inherent in multiple levels of an organisational system, consisting of Individuals, work 
groups and organisational units within the context of the broader environment. A key feature 
of this model Is that is seeks to represent the Interaction between factors on varying levels of 
an organisational system as was evident from review of theoretical and research literature 
that addressed performance in organisational systems. 
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Appendix C: Expanded embedded-level conceptual model 
Developed from the simple model depicted in appendix B, the embedded-level model below 
represents overall organisational performance as a function of the operation of many human 
and organisational variables within embedded sub-levels of the organisational system. These 
performance factors may be decomposed into finer-grained criteria within each level of 
analysis. The model below represents an elaborated version of that depicted in figure 4.2.3a 
within the thesis text. 
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Appendix D: Early conceptual influence map depicting 
performance factors at three levels of the organisational system 
The model below illustrates the complexity inherent in interactions between research-derived 
human and organisational performance factors. This model represents an eady attempt to 
map specific influences between variables, which are classified as factors within the 
individual, work group or organisational levels of analysis. A further example of an early 
influence network map may be found in figure 4.2.3b within the text of the thesis. 
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Appendix E: Conceptual model of work group performance 
factors at intermediary stage of development 
The work group performance factors model, depicted within the thesis text In figure 4.2.4d, Is 
shown below at an intermediary stage of development to illustrate the analysis and refinement 
process involved. In this process, potential performance factors from an existing research 
knowledge base are identified, classified according to the modelling framework and grouped 
into logical classes of higher-level factors. Specific Influences are mapped between Individual 
variables to establish causal sequences or 'performance processes' operating within the 
human and organisational system. 
The model below represents performance on the work group level of analysis VAthin the 
organisational system and influences to or from other levels of the organisation are depicted 
as incoming or outgoing arrows at the boundaries of the diagram. The modelling exercises 
undertaken within the context of this research project serve to highlight the complexity and 
high interdependency inherent In the 'softer' factors that affect the functioning of human and 
organisational systems. 
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Appendix F: Developing applied Human and Organisational 
Performance model 
This appendix provides an overview of two intermediary versions of the applied Human and 
Organisational Performance (HOP) model and framework that was developed to aid 
management teams in analysis and representation of soft performance issues in their 
projects. The final version of the HOP model that was implemented in a series of systems 
engineering case projects and that forms an important part of the product of the soft metrics 
research effort, is depicted within figure 5.1.1a in the thesis, along with detailed explanatory 
text. 
Attempts to develop an applied HOP model were based upon knowledge gained from the 
literature review, from conceptual modelling exercises and from early experience in an 
industry scoping study. The key features of an initial applied HOP modelling framework with 
description of its broad classes of performance variables are depicted below. 
Characteristics of individuals, groups and the organisational 
context, all of which influence human performance 
-racondition variables 
Critical classes of activity 
for human performance Operational/project 
outcome objectives 
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Human performance 
outcomes 
Overview figures of two early versions of the applied HOP model, labelled version 'a' and 
version V, are depicted below to illustrate the initial format of representation adopted to 
define a clear, simplified performance framework that focused upon relationships between 
broad example classes of variables, rather than specific, complex interactions that would be 
highly idiosyncratic in any applied context. Evident from the figures is the refinement of 
performance factors that occurred as more information was gained regarding the industrial 
operating environment. It should also be noted that a key modification to the framework 
between these versions of the model and the eventual HOP model in figure 5.1.1a of the 
thesis, is the removal of a direct feed-forward influence arrow between the precondition class 
and outcome class. Although conceptual research promotes the ability of system conditions 
and external constraints to influence performance outcomes directly, this influence was not 
considered relevant from a 'soft', human performance perspective unless it affected outcomes 
through human behavioural variables. 
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Appendix G: Example qualitative analyses of soft performance 
processes in CAP1 industrial project scenario 
The figures below depict example qualitative analyses of human and organisational 
performance processes based upon application of an early version of the HOP modelling 
framework in the CAP1 industrial project scenario. Within the figures, the main causal 
processes for each issue are defined through specification of individual precondition, 
behaviour or outcome performance factors (in the yellow boxes), linked by influence arrows. 
Associated with precondition and outcome factors, the blue boxes incorporate specific 
measurement criteria identified in the CAP1 scenario that might be used to quantify the 
performance factors. The 'callout' boxes contain qualitative evidence from experience of 
issues raised and commented upon by CAP1 project personnel. The performance processes 
and findings from this modelling exercise are discussed in more detail within the thesis text, in 
section 5.1.2. 
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Appendix H: Inventory of soft metrics linked to human and 
organisational performance factors 
The Inventory of soft metrics reproduced below on the subsequent pages represents an 
important part of the toolset developed through this research and consists of a series of 
measures with sub-items linked to human and organisational performance factors. The soft 
metrics inventory was updated as a 'working document' throughout the course of the research 
project in response to new requirements and achievements in development. 
The metrics comprise both subjective judgement based Items and more objective criteria 
where appropriate and represent: 1) relevant measures Identified within existing project 
management and research practices, 2) metrics adapted from existing measures to fit the 
systems engineering project context of application, and 3) new metrics developed where 
required. Where appropriate the source of an individual metric, or Impetus for Its 
development, is identified within the inventory. For ease of reference, the metrics are 
grouped according to their assoclated performance factors within the HOP model (detailed In 
section 5.1.1 of the thesis; see figure 5.1.1c for a complete list of performance factors with 
reference codes). Descriptive notes relating to key development Issues such as focus upon 
soft factors, level of analysis and level of objectivity are included for each metric. The metdcs 
toolset was implemented within several systems engineering case projects based upon the 
output from soft performance issues analysis activities that sought to Identify critical 
performance factors for proactive monitoring during the phases of a project's lifecycle. 
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model 
variable 
P1.1 
Project 
Size 
Metric description, method, sub-items and 
scales 
ýiijdgetary size 
A general indicator of project size representing 
commitment of resources to the project, effort involved, 
project duration and the importance of the project to the 
business. Costing data can be collected against the 
following categories: 
U Direct costs 
LJ Indirect costs 
LJ Time related costs 
LJ Labour costs 
LJ Material and equipment costs 
LJ Transport costs 
LJ Preliminary and general costs 
Ll Project office costs 
U Proiect team costs 
Accepted sizing metric in software engineering and IT 
development projects for measurement of units of work 
based upon functional characteristics of the software 
deliverable. 
Project work package size 
Based upon size of individual system sub-components on 
the lowest level of the product breakdown structure, e. g. 
number of lines of code in software sub-systems. 
analysis and 
objectivity 
LI Focuses upon technical 
parameters rather than 
human and 
organisational 
processes. 
LJ Measured at the project 
or organisational unit 
level. 
LJ Objective measure. 
L) Focuses upon technical 
parameters rather than 
human and 
organisational 
processes. 
LJ Measured at the project 
level. 
LI 01ýjective measure. 
LJ Focuses upon technical 
parameters rather than 
human and 
organisational 
processes. 
LI Measured at the project 
level. 
Source 
(1); Burke 
(2003) 
Garmus and 
Herron (2001) 
BAE 
(1) 
Required effort LI Focuses upon technical BAE SYSTEMS 
The number of man-hours per work package (or cost of project parameters (1) 
the man-hours) is measured and aggregated for the associated with time and 
whole project or a single project phase. Man-hours are resource requirements. 
calculated on the basis of level of committed personnel 0 Measured at the project 
and hours engaged on project tasks. level. 
L3 Obiective measure. 
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HOP__ Metric description, method, sub-items and 
Soft focus, level of 
model scales analysis and 
Source 
L variable objectivity 
I P1.3 III)( ('0,11111Y plohle LJ Focuses upon an Developed 
Project The uncertainty profile can be used to indicate the level 'intangible' project based upon De 
Complexity and dominant type of uncertainty inherent within a characteristic with Meyer (2002) in 
specific project's operating environment or within a implications for order to 
particular phase of a project and draw specific organisational distinguish 
recommendations for appropriate project management performance factors. between 
nd control methods. The project team rates the level of LJ Measured at the project different types 
ach of the following types of uncertainty in the project: or project phase level. of projects 
LJ Due to the complexity of based upon 
Level 1: Variation possible influences upon uncertainty 
Project objecbves are clearly defined, project sub-tasks the construct: inherent in the 
and activities can be clearly identified in advance and a I uncertainty', this may be project's 
detailed, stable plan can be achieved. Budget and regarded as a relatively objectives and 
schedule parameters may vary according to minor events subjective, judgement- predicted plan. 
that are predictable and planned for and which cause based measure. 
minor deviations from the project work plan (e. g. 
resource/task reallocation due to unavailability of 
personnel). 
Recommendations: Performance can be tracked and 
monitored against set criteria. Project can be planned in 
detail using established methods (e. g. CPA, PERT, 
GANTT) 
Level 2: Foreseen uncertainty 
Larger scale conbngent events and foreseen 
uncertainties are identifiable and controllable through 
formal risk management activities that involve planning 
alternative courses of action (e. g. the effects of 
predictable design variations on product performance 
may not be known, but conbngent alternative plans to 
achieve the desired outcome may be formulated, based 
upon existing knowledge and experience with previous 
projects). 
Recommendations: Comprehensive risk management 
and contingency planning activities must be included in 
the plan. Decision support systems are used to calculate 
efficacy of predefined alternative paths to project goals. 
Level 3: Unforeseen uncertainty: 
Although the project may begin with reasonably stable 
goals and a plan, the nature of variations in the project 
cannot be anticipated during project planning and 
therefore specific contingent strategies cannot be 
prepared. Inferential decision tools cannot accommodate 
unforeseeable uncertainty. Unforeseen uncertainty may 
arise from unanticipated interactions between many 
foreseeable events (e. g. in projects that seek to develop 
new technology, the plan may dramatically change mid- 
project in response to new knowledge or information 
regarding the feasibility of a system or the project's aims). 
Recommendations: Unforeseen problems must be 
solved as they occur and targets/performance criteria 
(and the methods used to achieve them) modified 
accordingly. 
Level 4: Chaos 
The project does not begin with stable assumptions or 
goals and therefore no structured project plan can be 
formulated in any real degree of detail. The end result 
may vary significantly from that intended and the ability to 
predict eventual outcomes based upon current trends is 
poor at any particular time (e. g. pure research projects in 
new areas that cannot rely upon existing knowledge, tools 
or techniques). 
Recommendations: ContJinual iterabons including 
redefinition of project objectives and scope must occur. 
Project may be too unstable to make formal planning and 
control methods feasible. Flexibility and fast response to 
new learning is required. 
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Metric description, method, sub-items and 
Soft focus, level of 
model scales 
[ 
analysis and Source 
variable --- ---- 
objectivity 
_ j- (ýv(, I,, f(, ii(I, )iiiii(iirri, iiii 11 1)rtrk LJ FocuseS Upon Developed in 
activity plan organisational factors order to predict 
The number of tasks scheduled to run concurrently within resulting from the way high project 
the project work breakdown structure (VVBS) over time is project work tasks are management- 
proposed as an ongoing indicator of project planned. intensive 
organisabonal complexity that influences required project U Measured at the project periods of 
management effort. This indicator can be used to identify or project sub-phase activity resulting 
cribcal periods when project management resources are level. from 
likely to be strained in their ability to deal with issues LJ Objective indicator organisational 
arising from a number of separate work packages being based upon parameters complexity in 
executed simultaneously and ensuing problems in in the work plan and the pro)ect work 
coordinating the output from these activities. Indicators actual events. plan. 
include: 
" X-t plot of level of concurrent tasks in the project 
activity plan over time or by project phase 
" Retrospective indicators of process complexity such 
as frequency of project management meetings and 
risk logging activity 
I 
_ Level of interdependency in parallel project LJ Focuses upon Developed in 
schedules organisabonal factors response to 
Indicator of likelihood of issues arising associated with resulting from the way scoping study 
organisabonal complexity that are likely to impact upon project work tasks are finding that 
project schedule performance, particularly in capability planned. capability 
development projects with an 'internal' customer. LJ Measured at the project development 
LJ Number of critical project activity periods that clash level. project 
with those of related or dependent projects, where U Objective indicator schedules were 
. critical project activity periods' may be operationally based upon para highly sensitive 
defined as the onset of tasks on the critical path in the work plan. to those of 
within the project management plan. dependent 
__projects _ ___ __ ___ Scope of technical objectives U Focuses upon Developed 
Project The following indicators may be used to assess the scope organisational factors based upon 
scope of a project's technical objectives, especially where a associated with proj . ect scope 
number of discrete deployments or customised work technical objectives of issues 
products are involved in project cases with multiple the project encountered 
customers. These parameters are particulady relevant to LJ Measured at the project within project 
capability development projects: level case study 
0 Number of separate existing systems (and sub- J Objective indicators 
systems) affected by project as stated within the based upon project 
requirements specification requirements 
Ll Number of discreet deployment activities to separate documentation 
customers/organisational entities 
J Number of customer entities with diffedng specific 
requirements involving variant solutions 
FFIý2. -I ject work group breakdown L3 Focuses upon human Developed 
Project Various indicators are applicable based upon resource configuration based upon 
work group classification of personnel related to the project. and factors that various classes 
size Increased levels mean higher effort involved in implicate human of project 
coordination, communication and possibly a more communication, decision related 
involved decision-making process for issues with high processes and working personnel 
ambiguity. climate I identified within 
" Number of members in core project management L3 Measured at the project industry 
(PM) work group work group level scenario. 
" Total number of members of project team executing U Based upon objectively 
project work tasks excluding core PM workgroup observable parameters 
LJ Number of project stakeholders excluding project 
team 
U Total number of personnel related to project 
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HOP 
model 
variable 
_1ý2.2 
Project I 
work group 
collaborat- 
ive history 
Metric description, method, sub-items and 
scales 
coll. lhor. ltlviý 11], Aof -0,, 
Indicates the extent of past collaborative experience for 
the personnel that comprise the current project's 
management team, as an indicator of the likely presence 
of established informal working practices and a 
productive working climate. The following increasing 
scale may be used: 
Level 1: The project work group is a novel configuration 
of staff with no previous history of working together 
Level 2: Some members of the group have worked 
together before but the team is largely new 
Level 3: The work group is an established team with 
history of working together on a previous project 
Level 4: The work group is well-established with a proven 
track record and history of working closely together on 
several previous projects 
Soft-focus, level of 
analysis and 
objectivity 
LJ Focuses upon human 
experiences of previous 
collaboration with other 
project personnel. 
LJ Measured at the project 
work group or 
management team level. 
Ll Based upon subjective 
judgements made by the 
group as to what level of 
the scale best describes 
the team 
Source 
Developed 
based upon 
knowledge of 
the importance 
of informal 
working 
practices, 
interpersonal 
knowledge and 
shared mental 
models and 
values for work 
group 
performance. 
-02-. 3 Working chinate and interactive climate for decision- Ll Focuses upon social Developed to 
Group- making interactive processes support 
working Assesses the degree to which group members judge the within a workgroup and evaluation of 
climate working climate and decision-making processes within personal satisfaction group-working 
the work group to be productive and supportive of with the team working and 
effective functioning. Several statements concerning the environment collaborative 
work group climate and environment are given, against LJ Measured at the climate for 
which the individual responds on a likert-type scale individual level to functional 
anchored 'strongly agree' to 'strongly disagree'. The capture personal effectiveness, 
following sub-items are used: responses which can as indicated by 
J Work group discussion-processes are dominated by then be aggregated onto the groups 
the opinions of one or more individuals to the the project work group unique style of 
detriment of other's opinions (reverse scored) level or sub-group level approaching 
LJ The work group provides a stimulating and for large-scale projects problem issues 
supportive technical environment to work in. LJ Incorporates subjective, and conflict 
" The work group provides a stimulating and survey-type items to 
supportive social environment to work in. capture perceptions and 
" Relevant information is disseminated quickly and judgements 
effectively within this work group. 
" All relevant members of the work group are made 
immediately aware of problem issues that arise in 
the project. 
LJ Individuals have the opportunity to express their 
views and opinions in this work group. 
LJ Individual's views and opinions are valued and 
respected in this work group. 
J Adequate time is given to planning and problem 
solving. 
LJ This work group makes timely, effective decisions. 
_0ý2_. 5 Effectiveness of group-working processes LJ Focuses upon social Developed to 
Group- This measure indicates the extent to which effective interactive processes support 
working informal group-working practices have developed within and informal working measurement 
processes the team. The individual responds on a likert-type scale practices within a team ofthe 
anchored 'strongly agree' to 'strongly disagree'. The J Measured at the effectiveness of 
following sub-items are used: individual level to informal group- 
LJ This work group has developed it's own way of capture personal working 
doing things. responses which can processes that 
C3 The way this group interacts, conducts meetings and then be aggregated onto develop to 
approaches objectives is effective. the project work group achieve 
Ll The group always sets manageable and realistic level or sub-group level formally 
objectives with clear targets and performance for large-scale projects specified 
criteria/measures. J Incorporates subjective, activities, as 
LJ The group was proactive rather than reacbve in its survey-type items to indicated by the 
anticipation and mitigation of risks. capture perceptions and team's unique 
Ll Much effort was expended in coordinating and judgements style of 
communicating between individual group members, functioning. 
to the detriment Of Droiect tasks (reverse scored). 
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HOP level of Soft focus 
model etric 
description, method, sub-items and , analysis and Source scales 
variable objectivity 
02.61 --I I'l-sk--specific 4'ýJwrwm I L) Focus(! - upon relevance Based upon the 
Knowiedge In order to assess adequacy of human capability for of human experience 'Critical Task 
/skills/ specific task requirements within the project work plan U Measured at the Method' 
experience and allocate work to human resources more effectively, individual level to developed by 
respondents indicate which level within the following quantity an individual's Nagy (1999). 
scale best indicates their experience relative to the capability relevant to 
technical requirements of their current project task. specific project work 
Where scale items include three sub-levels representing tasks, but may be 
varying difficulty of task conditions, increasing difficulty is aggregated onto the 
indicated by: shorter time frames, less sophisticated tools group level. 
and/or fewer support structures. LJ Responses are 
01 have never attempted a technically similar task subjective and open to 
(Level 1) individual biases as they 
L3 I have successfully completed a technically similar rely upon personal recall 
task under: of past work experience 
Easier conditions (Level 2) 
Similar conclibons (Level 3) 
More difficult conditions (Level 4) 
UI have successfully completed a technically identical 
task under: 
Easier conditions (Level 6) 
Similar conditions (Level 6) 
More difficult conditions (Level 7) 
L3 I have successfully completed many technically 
identical tasks under: 
Easier conclitions (Level 8) 
)0 Similar conditions (Level 9) 
Task-specific knowledge and skill adequacy LJ Focuses upon human Nagy (1999) 
Measures skills relevant to the individual's current work knowledge and skills 
tasks and is indicated by subjective opinions of adequacy U Measured at the 
of skills/knowledge for completing a specified or planned individual level to 
task. For each task undertaken, the individual responds quantity an individual's 
on the following 5-point scale: capability relevant to 
Level 1: 1 do not have the necessary skills and specific project work 
knowledge to complete this task within the conditions tasks, but may be 
defined aggregated onto the 
Level 2: 1 believe my skills and knowledge will definitely group level. 
be challenged to complete this task within the conditions LJ Responses are 
defined subjective based upon 
Level 3: 1 believe my skills and knowledge will possibly individual's personal 
be challenged to complete this task within the conditions judgement of knowledge 
defined adequacy. 
Level 4: 1 believe my skills and knowledge will not be 
challenged to complete this task within the conditions 
defined 
Level 5: 1 have the skills and knowledge to complete this 
task within the conditions defined 
Person-task fit index U Focuses upon task- Dewloped to 
This measure comprises a detailed method of assessing specific human provide fine- 
the adequacy of project work allocation practices from the knowledge grained 
perspective of knowledge sufficiency. The following steps J Measured at the level of analysis for 
are involved: the individual, group or human 
Stop 1: Identify key skill areas for specific project work project work breakdown resource 
tasks. structure allocation and 
Step 2: Rank identified skill areas according to criticality U Knowledge criteria are risk 
for successful execution of the project work task. subjective where no management 
Step 3: Rate candidate/assigned individuals for objective data is associated with 
competency against each knowledge requirement. available. Method of critical and 
Step 4: Calculate overall task-competency level based weighting key potential 
upon weighbrig individual ratings using criticality of each knowiledge areas problem tasks 
knowledge area. according to project within the 
Step 5: Compare results across candidate individuals to requirements reduces project work 
assist work allocation or compare percentage negative effects of breakdown 
competency attainment across tasks to identify judgement-based structure, 
knoMedge-critical tasks for increased project 
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Metric description, method, sub-items and model 
scales 
variable 
Work grou p leve Iý ii, ! ii. icy 
The following three dimensions require consideration to 
indicate required presence of project-critical knowledge 
and degree to which the required knowledge profile within 
the team can withstand changes to the human resource 
configuration as a result of loss of key project personnel. Three sub-scales that may be rated on aI (low) to 10 
(high) basis were Identified: 
" Are required skills present in project work group? " Is required knowledge covered in sufficient depth? 
" Is knowledge networked to provide adequate 
redundancy & duplication to accommodate 
unexpected changes to the human resource 
configuration? 
Soft focus, level of 
analysis and 
objectivity 
J Focuse% upon flioup 
level knowledge 
adequacy and 
dispersion 
U Measured on the level of 
the project work group 
LJ Measures are 
judgement based where 
formal criteria and 
certification is not 
available 
Source 
Developed in 
response to a 
finding within 
the scoping 
study in which 
the ready 
availability of 
project-specific 
knowledge 
within the work 
group was 
highlighted as 
an important 
factor for 
_p! 
oject success Generic knowledge aidequacy scale k no I gc w LJ Focuses upon adequacy Siemieniuch et 
This measure relies upon there being an adequate map e relies ul; on there is meawr 
F 
asu ý is of human knowledge al. 19998, 
10 lk I o execute the project at project fr equired nowfedgee to execu 0t LJ Measured at the 1999b 
Ig sp ci onset/plannir onseVIplanning stages. A specific pattern of key f s indMdual level to 
knowledge asc tlfi knowledge areas can 
be identified for a specific role or quantity an individual's 
project and the individual or project management team capability relevant to 
then makes a rating on the following scale: specific project work 
Level 1: 'Know about': the individual knows that the tasks, but may be 
knowledge exists and what its purpose is. but not applied to the group 
necessarily how to apply it. level. 
Level 2: 'Entry level': the individual has sufficient LJ Responses are 
knowledge to be able to execute the defined task subjective based upon 
securely under normal circumstances (assuming indMdual's personal 
adequate training to carry out the task in a specific judgement of knowledge 
environment with specific tools). adequacy or an 
Level 3: 'Experienced': defined as for 'entry' level independent rating by 
knowledge, but additionally the indMdual can cope with project management. 
some abnormal environmental variation. The individual 
can make some constructive use of knowledge in the 
design processes. WidLr and deq-, cr kno%% kxlge is rcquired. 
%% ith sorric rulc-hased hcha%iour as oPT1,1.1ed 110 mITON 
pw. zedure-based beha%iour 
Level 4: 'Expert': defined as for the 'experienced' level, 
with the addition of sufficient formal, technical knowledge 
and expertise to be able to meet almost any demand 
regarding the specific task. Knowledge at this level is 
largely heuristic and skills will be fairly automatic. 
P2.6.4 Project task/role-specific motivation level LJ Focuses upon very soft Based upon 
Work This method measures the individual's prediction of what factors: affective t echnique 
group level of motivation will be experienced during the responses representing suggested by 
motivation execution of a specified task or project role. motivational potential of Nagy (1999). 
levels Measurement occurs during the project work allocation project role in 
phase of project planning - prior to commencing task indMduals. 
execution. A weighted average calculation is employed LJ Measured at the 
to determine the motivational level of an individual for the indMdual level and then 
completion of a specified task or project role. The aggregated onto the 
following five dimensions are presumed to represent the group level. 
motivating characteristics of work tasks: 1) L3 Measure is highly 
Acceptance/recognibon, 2) Adventure/fun, 3) subjective as there are 
AmbiborVaccomplishments, 4) ComforVsecurity. and 5) no direct objective 
Money/finances. Each dimension is rated on a1 O-point method of quantifying 
scale of importance to represent variation in indMdual's personal values and 
personal and professional goals. Another 10 point rating preferences 
scale is then used to determine the individual's motivation 
to complete the specified task against each dimension. 
The individual is asked the following question for each 
dimension: 
L3 'Based upon your past experience and instinct, what 
affective outcome is more likely to be experienced 
while completing the assigned task? " 
Response ratings: I (very negative experience), to 
10 (very positrve experience). 
A total motivational score may then be calculated based 
upon the derived weighted averages. Individual 
responses may be aggregated onto the group level to 
arrive at an overall motivational level for the project work 
_group 
in completing the assigned project (sub-) tasks. 
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HOP Metric description, method, sub-items and 
Soft ocus, level of 
model scales analysis and 
Source 
variable objectivity 
__ P3.3.1 iI of dop( ýiidejit inim I, - t, ot kf k %%, pl. it i LJ Focuses upon Developed 
Task The higher the number of separate workflow inputs, the organisational factors: based upon 
interdep- higher the level of interdependency of the task with task characteristics Critical Path 
endency preceding tasks and the higher the likelihood of U Measured at the Method output 
performance issues arising associated with the task due individual project work (e. g. Burke, 
to unexpected interactions and coordination issues. task level. 2003: Slack et 
LJ Number of separate input workflows to an individual LJ Objective indicator al, 2001) 
task within the critical path network diagram. based upon parameters 
in the w0rlkýlan. 
- - - P3.3 2 Level of concurrently scheduled tasks Focuses Li upon Developedin 
Task Indicates likelihood of high project management activity organisational factors: order to predict 
concurr- and limited availability of project management to deal with task characteristics likely availability 
ency coordination and unexpected problem issues arising for a LJ Measured at the of project 
task with high concurrency. individual project work management 
U Number of separate parallel ongoing tasks in the task level. support for 
project work plan LJ Objective indicator specific tasks 
based upon parameters 
in the work plan. 
- --0-334 Task completeness characteristics Focuses upon human LJ Adapted from 
Task Task completeness or identity refers to the degree to performance-relevant Job diagnostic 
complete- which the role involves the completion of a whole and features of project work survey 
ness identifiable piece of work with clear onset, cessation and tasks and roles that (Hackman and 
success conditions. The following survey items may be influence motivation and Oldham, 1974 
applied to quantify individual's opinions as to the ability to optimally with revisions 
completeness of their project role tasks: execute project work by ldaszak & 
U To what extent does the project role involve the LI Measured at the Drasgow, 1987) 
completion of a "whole" and identifiable piece of individual level. to apply to work 
work? (Scale: Very little - Very much) LJ Subjective measures roles and tasks 
LJ To what extent does the project role involve tasks that quantify individual's in a project- 
with a clear beginning and end. (Scale: Very little - perceived experience of based systems 
Very much) characteristics in the engineering 
LJ The objectives that mark successful completion of project work environment. 
my project tasks are cleady defined. (Scale: environment. 
Disagree - Agree) 
E3 The project role involves tasks that do not visibly 
contribute to the finished product. (Scale: Disagree - 
Agree) 
" The project role provides me with the chance to 
completely finish the pieces of work I begin. (Scale: 
Disagree - Agree) 
" The project role is such that I can do a complete 
piece of work from beginning to end. (Scale: 
Disagree - Agree) 
P3.3.6 Task significance characteristics LJ Focuses upon human Adapted from 
Task Task significance determines whether the project role is perform a nce-relevant Job diagnostic 
signific- perceived as having an impact upon others and their lives features of project work survey 
ance in the organisation and in general. tasks and roles that (Hackman and 
LJ In general, how important is your project role; to influence motivation and Oldham, 1974 
what extent is it likely to influence the lives and well- ability to optimally with revisions 
being of others? (Scale: Very little - Very much execute project work by Idaszak & 
" My project role is one where a lot of other people LI Measured at the Drasgow, 1987) 
can be affected by how well my tasks are performed. individual level. to apply to work 
(Scale: Disagree -Agree) L3 Subjective measures roles and tasks 
" My project role is critical to overall successful project that quantify individual's in a project- 
performance. (Scale: Disagree - Agree) perceived expedence of based systems 
EJ To what extent does overall project success depend characteristics in the engineering 
upon the performance of tasks for which your project project working environment. 
role is responsible? (Scale: Very little - Very much: environment. 
The performance of my project role is ciritical to 
overall project success) 
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HOP Metric description, method sub-items and 
Soft focus, level of ----- - 
model , scales analysis and Source 
vari able objectivity 
P3 38 - 1 v; k v. i r wi v cl m r. wte ri ,tw ý1 Focuses upon human Adapted from 
Task Assesses the degree to which the individual has the performance-relevant Job diagnostic 
variety opportunity to apply a variety of skills and knowledge in features of project work survey 
the project role and whether that role involves a variety of tasks and roles that (Hackman and 
tasks i. e. is non-repetifive. influence motivation and Oldham, 1974 
LJ To what extent does the project role require you to ability to opbmally with revisions 
perform a variety of tasks? (Scale: 1- Very liffle, to execute project work by Idaszak & 
10 Very much) LJ Measured at the Drasgow, 1987) 
Ll To what extent does the project role utilise a range individual level. to apply to work 
of your skills, talents and knowledge? (Scale: I- U Subjective measures roles and tasks 
Very litde, to 10 - Very much) that quantify individual's in a project- 
LJ The project role allows me to ublise a number of perceived experience of based systems 
complex or high level skills. (Scale: 1 Strongly characteristics in the engineering 
Disagree - 10 Strongly Agree) project working environment. 
U The project role is quite simple and repetitive. environment. 
(Scale: 1 Strongly Disagree - 10 Strongly Agree; 
_ _ 
Reverse scored) 
- - 153.3 9 Task-inherent feedback characteristics U Focuses-upori human--- --kd-apted from 
Task The extent to which the task intrinsically provides performance-relevant Job diagnostic 
inherent informabon regarding the effectiveness of performance features of project work survey 
feedback El The tasks that I perform in my project role provide tasks and roles that (Hackman and 
clear feedback as to how I am performing. (Scale: influence motivabon and Oldham, 1974 
Agree - Disagree) ability to opbmally with revisions 
LJ It is clear during the performance of the project work execute project work by ldaszak & 
task as to how successful current progress is likely U Measured at the Drasgow, 1987) 
to be in achieving the objecbves set for the task. individual level. to apply to work 
(Agree - Disagree) LJ Subjective measures roles and tasks 
LJ It will be clear after project task completion as to how that quantfy individual's in a project- 
successful I have been in achieving the objectives perceived experience of based systems 
set for the task. (Agree - disagree) characteristics in the engineering 
LJ In my project role, performance feedback is project working environment. 
available from managers, supervisors and co- environment. 
workers. (Scale: Agree - disagree) 
LJ In this project role, performance feedback is clear, 
fimely and useful. (Scale: agree - disagree) 
Ll In my project role I receive informabon that isn't 
relevant to the performance of project tasks 
assigned to me. 
Ll How much of the information you receive conceming 
project operabons is actually useful in the 
performance of your project work. (Scale: Very little 
- All largelý relevant) _V3.3 10 Task-inherent autonomy characteristics U Focuses upon human -Ada-pted from 
Task The degree of discretion a project role possesses for perform ance-releva nt Job diagnosbc 
inherent exercising control over personal work processes and features of project work survey 
autonomy outcome. tasks and roles that (Hackman and 
L3 In your project role, to what extent do you have influence motivation and Oldham, 1974 
autonomy over how you complete project tasks? ability to opbmally with revisions 
(Scale: Very little - Very much). execute project work by ldaszak & 
LJ In your project role, how much control do you exert ZI Measured at the Drasgow, 1987) 
over which tasks and responsibilibes are allocated to individual level. to apply to work 
you? (Scale: Very little - Very much) LJ Subjective measures roles and tasks 
LJ In your project role, to what extent do you have that quantify individual's in a project- 
autonomy over choice of working methods used to perceived experience of based systems 
complete project tasks? (Scale: Very little - Very characterisbcs in the engineering 
much) OR: how much control do you have over how project working environment. 
your project tasks are completed? environment. 
U In your project role, to what extent do you have 
autonomy over when project work allocated to you is 
performed? (Scale: Very little - Very much) 
C3 My project role allows me to make decisions about 
how and when work is performed. (Scale: Agree - Disagree) 
0 My project role gives me considerable opportunity 
for freedom and independence in how the work is 
performed. (Scale: Agree - disagree) 
LJ My project role allows me to use a high degree of 
personal inibabve and judgement. (Scale: Agree - 
I Disagree) 
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4 Worklwd index U FOCUSeS upon Specified 
Workload The following indicator may be applied at the level of the experienced human following 
individual, or by aggregating man-hours onto the project workload, which discussion of 
work group level and calculating required man-hours for incorporates a human workload issues 
the project work task. The critical component of the capability and in project case 
measure is the identified time required for tasks, which motivational dimension. studies. 
should consider the technical requirements of the task U Measured at the 
itself in the context of the capability of the people individual level for 
responsible for executing the task. This latter factor will specific tasks or 
be variable depending upon task-specific knowledge, aggregated onto the 
skills and motivation, which accounts for the human work group level. 
factor. Workload may therefore be quanbfied by the LJ Measure is reasonably 
simple equation: objective providing 
LJ Time available divided by expectedrideal time required time for tasks 
required. Values below 1 indicate workload-critical can be clearly 
tasks, the smaller the value the higher the established. 
experienced workload. Values above 1 represent 
acceptable workload levels or even inefficient 
allocation of human resources for scheduled project 
work tasks. 
- - P3.5 3 Desirability of project goals 5 Focuse-s-up-on-h-u-man- Developed to 
Goal The following measurement items may be used to motivational processes - quantity 
attractive- quantify the level of intrinsic, non-financial reward level of perceived motivational 
ness experienced by project personnel through involvement rewards aspects of 
with the project itself and experience working on its sub- LJ Measured at the project work 
tasks: individual level, may be associated with 
U Novelty of project goals (level of similarity vAth other aggregated onto the the desirability 
projects in organisations history, similarity with group level. of technical and 
individual's prior project experience, perceived LJ Subjective - based upon other objectives 
novelty of contribution to society's perceived rewards and 
science/knowledge/technology) intrinsic needs that will 
L3 Perceived desirability of project focus (interacts with vary from person to 
individual characteristics - i. e. interests). person 
LI Perceived rewards (skill/knowledge acquisibon, 
career development opportunities, organisational 
networking, social contact (desirability of 
collaborators). 
LI Perceived value of project product, both internally 
(organisabon/programs/business) and externally 
(customer/society). 
LI Perceived level of satisfaction resulting from 
involve m ent/successful completion of project. 
P4.1.1 Trust between organisational entities Ll Focuses upon a soft Developed in 
Trust These measures are based upon social theory, which cultural or social factor response to 
holds that trust develops through repeated experience of based upon perceived scoping study 
successful interaction between actors and is often a values and past finding that trust 
functon of the arrticipated requirement for future contact. collaborative experience between 
LJ Number of previous successful/unsuccessful J Measured at the project collaborating 
collaborations between partners level to assess value of partners was an 
C3 Number of future anbcipated collaborations; (for collaborative partners important 
example: number of scheduled collaborative review U Mainly subjective performance 
meetings) between partners judge m ents-based, but factor. 
U Level of information exchange and communicabon also incorporates more 
between collaborating partners objectively quantifiable 
El Perception of reliability of collaborating partner parameters associated 
LI Perception of integrity of collaborating partner with collaborative 
U Perception of communication openness between history. 
collaborating partners 
LI Percepton of goal compabbility between 
collaborating partners. 
Trust in technology LI Focuses upon indicators Developed 
Valid indicators may be found in the project's query log of human trust in according to 
and risk management documentation: technical systems experience in 
U Number of query notes against items LJ Measured at the project systems 
LI Number of risks raised related specifically to a level engineering 
system or sub-component. LI Offers soft factors projects that 
interpretation of idenbfied 
objectively quantifiable confidencein 
project parameters systems as an 
important 
human 
performance 
I factor 
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P4.1.2 External collaborative clumito LJ Focuses upon culturally Developed from 
Collabor- J Perceived degree of trust existing between determined value case study 
ative collaborative partners systems finding that 
culture LJ Perceived degree of flexibility in customer U May be measured at the cultural 
organisations dealings with project organisational level compatibility 
EJ Level of autonomy for project execution decisions LJ Addresses socially and between 
handed over to project from sponsoring organisation cultura Ily- determined collaborating 
El Degree of shared objectives and compatibility of values and beliefs, partners was an 
goals through specitong more important 
" Level of successful prior collaborations between or less subjective performance 
partners indicators cultural factor 
" Perceived level of productive cooperative spirit compatibility 
U Level of open communication between partners 
EJ Degree to which collaborative partner made 
perform ance-critica I information accessible to the 
project 
- -- - Internal collaborative climate LJ Addresse s&uman -lDeveloped from 
" People involved in this project are genuinely cultural factors case study 
concerned about the needs and problems of others. concerning collaborative finding that 
" People involved in this project are sympathetic to the social environment cultural 
constraints under which others have to operate. within the project compatibility 
LJ A team spirit pervades all areas of this project. LJ Measured at the project between 
El People in this project feel that project success level to assess collaborating 
depends upon the contributions of everyone. effectiveness of internal partners was an 
LJ People in this project view themselves as culture important 
independent individuals who have to tolerate others L] Measures perceptions of performance 
around them. (Reverse scored) team-working factor 
L3 To what extent are other project personnel environment 
considerate of others in their work and actions? 
Level of work group orientation LJ Addresses human Kaplan and 
" Internal survey on teaming: survey of employees to cultural factors Norton (1 996a) 
determine if business units are supporting and concerning collaborative 
creating opportunities for one another. working environment 
" Gain-sharing level: tracks the degree to which the within the organisation 
organisation is entering team-based relationships U Measured at the 
with other business units, organisations, or organisational or 
customers. organisational sub-unit 
El Number of integrated engagements: the number of level. 
projects upon which more than one business unit LJ Objective, indirect 
participated. indicators of a soft issue: 
Ll Percentage of business plans developed by teams. level of team-working or 
LJ Percentage of teams with shared incentives: number collaborative culture 
of teams where team members share common within the organisation 
incentives and objectives. 
El Percentage of all projects with customer gain- 
sharing. 
El Percentage of projects in which potential gains were 
achieved. 
E3 Percentage of projects with individual team 
incentives linked to project success. 
-V4-. 1.3 Compatibility of performance expectations Ll Addresses human Developed 
Perform- These measures are designed to assess the compatibility cultural factors based upon 
ance of performance expectations between the project EJ Measured at the case study 
expectat- organisation and partner/customer entities as an indicator organisational level. finding that 
ions of cultural factors U Subjective indicators performance 
El Degree of satisfaction with externally imposed based upon judged expectations of 
workload compatibility collaborating 
El Perceived achievability or feasibility of externally partners was an 
imposed (i. e. customer) requirements important 
L] Compatibility of working methods and processes performance 
factor 
F54.1 11 Inter-group climate indicators U Focuses upon Developed to 
Inter-group Measures the effectiveness of the climate that exists organisational cultural quantify the 
climate between separate work groups within the project's factors effectiveness of 
organisation. U Measured at the the inter-group 
Ll Level of inter-group competition (for organisational level working climate 
objectives/resources) Ll Involves subjective within the 
U Level of inter-group cooperation. perceptions where no organisation 
13 Level of inter-group conflict. objective data is 
available 
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Key stakeholder performance factor% LJ Focuses upon Developed in 
Stake- The following measures indicate the level of availability, availability of key response to 
holder rele vance and suitable empowerment of key project knowledge for the findings from 
charact- stakeholders for effective development and decision- project represented by case studies 
eristics making. project stakeholders that highlighted 
LJ Percentage coverage and representation of target 0 Measured at the project the importance 
project-related knowledge areas level of stakeholder 
LJ Percentage time involvement against target time U Incorporates some knowledge, 
involvement in project objective criteria and availability and 
LJ Degree to which stakeholder involvement achieved perceptions of project involvement for 
agreed targets in terms of benefits to the project work group concerning project success. 
L3 Proportion of key stakeholders present at review relevance and interests 
meetings compared to specification within the of project stakeholders 
stakeholder management plan 
LJ Proportion of empowered to un-empowered 
decision-makers present at project review meetings 
Ll Proportion of empowered representatives available 
at key decision points compared with stakeholder 
management and communicabons plan 
LJ Number of delegates present at project review 
meetings 
LJ Perceived degree of flexibility in customer or partner 
organisation's stakeholders 
0 Perceived extent to which stakeholders and 
collaborative partners are capable of acting within 
the best interests of the project 
WTCý_ore Competency development effort and effectiveness Ll Measures effort involved Curbs (2002) 
engineer- Ll Amount of time spent in developing the knowledge, in human resource 
ing/ skills, and process abilities underlying the competency 
process organisation's workforce competencies development activities 
knowledge LJ Number of people and amount of effort involved in L) Measured at the project 
developing or delivering Competency Development or organisabonal level 
activities LJ Largely objectively 
Q Amount of effort to define and document definable criteria with 
competency-based processes some items that may 
LJ Amount and types of communication within a usefully rely upon expert 
competency community judgement 
El Amount of effort spent on capturing and 
documenting competency-based information 
LJ Amount of process or competency-based 
experience and information available in repositories 
" Rate of progress in competency development 
activities 
" Individual ratings of the effectiveness of each 
competency development method 
U 
.. 
Level of knowledge, skill, or process ability 
developed in each workforce competency through 
different development methods 
LJ Performance-based evidence of increases in 
knowledge, skills, or process abilities in each 
workforce competency 
EJ Results of certification programs, where appropriate 
U Rate at which individual's request access to different 
I training programs or methods I 
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-ý4 83 Effort and effectivenes% in empowerment activities Ll FocLj%(, % upon Curtis (2002) 
Empower- LJ Rate at which workgroups can be developed into effectiveness of work 
ment/ empowered workgroups group empowerment 
devolve- LJ Amount of time spent in tailoring workforce activities activities 
ment of to the organisation's empowered workgroup-based Ll Measured at project or 
decision- practices organisational level 
making Q Rate or progress in tailoring the organisation's LJ Includes subjective and 
workforce activities for empowered workgroup- more objective items 
building application 
L) Indicators of the organisation's increased efficiency 
in performing empowered workgroup-based 
workforce activities 
LI Individual rabngs of the effectiveness of empowered 
workgroup-based workforce practices 
Ll Improved empowered workgroup coordination and 
functioning 
LI Increased level of motivation and retention resulting 
from empowered workgroup-based staffing, career 
planning, compensation, and reward practices 
LJ Improvements in empowered workgroup 
performance 
L3 Increased impact of empowered workgroup 
performance on unit and organisational performance 
P4.8.5 Availability of senior sponsors Ll Focuses upon Developed 
Access- LJ Speed of response to project queries raised availability of human based upon 
ibility of LJ Percentage time available against time requested in resources finding that 
senior project management plan U Measured at the project availability of 
sponsors level senior 
13 Objective criteria based management 
upon recordable supported 
parameters enhanced 
project 
A1.2 General communication level and effectiveness LJ Focuses upon human Based upon 
Commun- ind icators communication Curtis (2002) 
icabon LJ Use of communicabon media processes within the 
El Number of people trained in communication skills organisation 
L) Number of people trained in meeting management L) Measured at project or 
and facilitation skills organisational level 
L) Results from opinion surveys LJ Includes subjective and 
L3 Number of interpersonal conflicts handled through objective items 
formal mechanisms 
13 Number of concerns raised 
L) Number of meetings requested for expressing 
concerns 
LJ Time and effort expended to resolve concerns, 
grievances, or issues 
El Number of dependencies documented 
" Percent of commitments completed on time 
" Time spent in meetings 
L3 Meeting measures, such as percent of meetings 
starting and ending on time, and percent of meetings 
with agendas and with agendas distributed in 
advance 
(3 Rate at which meetina action items are closed 
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Verlic, )l J Focuses uporl Adapted from 
Five dimensions of vertcal communicabon are effectiveness of vertical Penley and 
distinguished and data collected for each using a series communication in the Hawkins (2000) 
of questionnaire items for each of which a response is project that may be to apply 
made on a ten-point Likert scale anchored by 10 - considered evidence of specifically to 
-strongly agree' and 1 -'strongly disagree'. Responses strong leadership project 
are summed and averaged within each dimension to Ll Measured at the communication. 
arrive at a single value for each dimension. individual level and 
results can be 
Dimension 1: Task communicabon - extent to which aggregated onto the 
project leads convey instructons to project personnel as project or work group 
to what activibes need to be performed, describe changes level 
in the workplace and indicate policy. Ll Incorporates subjective 
" Project leaders clearly explain policy changes judgement based 
" Project leaders let us know about forthcoming assessment 
changes 
" Project leaders let me know what work needs to be 
done 
Ll Project leaders discuss how to handle problems in 
my work 
Dimension 2: Performance communication - assesses 
the degree to which project leaders transmit informabon 
about the quality of the work of project personnel. 
LJ Project leaders let me know which areas of my work 
are weak 
Q Project leaders let me know how I can do better in 
my work 
Ll Project leaders let me know about the quality of my 
work 
Dimension 3: Career communication - extent to which 
project leaders review training opportunibes with project 
personnel and offer career advice 
L3 Project leaders encourage me to develop my career 
L] Project leaders advise me how to get addibonal 
training 
El Project leaders give me advice on developing my 
career 
El Project leaders make me aware of the demands of 
future jobs in my career path 
LJ Project leaders give me informabon on training 
opportunities 
Dimension 4: Communicabon responsiveness - degree 
to which project leaders respond promptly and helpfully to 
issues raised within the project 
LJ Project leaders are always responsive to issues 
raised within the project 
L3 Project leaders responses are helpful in resoMng 
problem issues 
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pop'( i( ()111111twlý '11 J Focuses upon Adapted from 
LJ Changes in working practices and operabrig effectiveness of human Penley and 
procedures are always clearly communicated to me communicabon within Hawkins (2000) 
LJ I am aware of forth-coming changes in advance the project to apply 
LJ I am always aware of what work needs to be done U Measured at the specifically to 
" I can openly discuss problems in my work with other individual level and project 
project members results can be communication 
" Other project members are a useful resource aggregated onto the with additional 
supporting the complebon of my tasks project or work group items relating to 
L3 Project steerling meebngs help me to determine level process losses. 
which areas of my work are weak LJ Incorporates subjective 
El Project steering meefings. help me to determine how judgement based 
to improve quality in my work assessment 
LJ Other project personnel are always willing to listen 
and respond to issues I raise conceming the project 
LJ Key project personnel are always available for 
communication regarding progress issues 
LJ If I make a request to a higher level within the 
organisabon, I can depend upon getbng a response 
Ll I spend a lot of bme coordinating communicabons 
between project personnel 
Ll The communication that occurs between project 
personnel is often wasted effort 
El A high degree of agreed acbons from group 
discussion get implemented 
Ll Progress in this project suffers as a result of 
requirements to communicate between many 
different stakeholders 
LJ Colleagues are vAlling to chat about non-work 
related issues 
Ll I feel that I can share my interests outside of work 
with others 
A1.3.1 Effort and effectiveness in workforce planning Ll Focuses upon human Curtis (2002) 
Planning act ivities resource management 
and Ll Time spent in organisabonal and unit-level workforce acbvities 
scheduling planning Ll Measurable at the 
Ll Number of people involved in Workforce Planning organisabonal or project 
acbvibes level 
LJ Effectveness of meebng milestones in workforce LJ Includes subjective and 
planning objective ftems 
" Effectveness of achieving the objectives of the 
strategic workforce plan 
" Effecbveness in performing workforce actvibes at 
the organisabonal and unit levels 
LJ Number of revisions made to workforce plans 
Ll Length of time between workforce planning cycles 
. 
2.1 Stakeholder communication effectiveness El Focuses upon human Developed in 
Stake- LJ Size of stakeholder group communicabon and response to 
holder LJ Number of information flows within the stakeholder knowledge transfer research finding 
commun- communicabon plan (expected volume of Ll Measured at the project regarding the 
icabon information per transmission within a channel, level cribcal role 
acbvibes muthplied by expected frequency of transmissions U Objective criteda based stakeholders 
for the channel, summed across all channels for the upon established project play in project 
enbre project). management data performance 
L] Ongoing percentage of stakeholder group contacted 
regarding target informabon items 
A1.2 4 Frequency of project management group meetings L3 Focuses upon soft Developed in 
Intemal Re corded over fime to represent level of formal face-to- factor: human response to 
project face communicabon scheduled in the project communicabon. 'processlosses' 
commun- management plan and arising from problem issues U Measured at the project reported in 
icabon encountered durling the course of the project. or project sub-phase scoping study 
activities level. due to high 
Ll Objective measure volume of 
recording frequency of problem issues 
actual events. requirling 
I discussion. 
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ýM 4 Iýoc ision-makinq proc(-, -. ind i1fectivenc.... J Focuses upon the Developed in 
Decision indicators human decision-making order to 
processes Ll PM workgroup attitude to risk process quantity key 
L) Level of conflicVdivergence of views in U Measured at the project parameters of 
team/stakeholder group for specific decision- management work- human decision 
situation group level or level at making 
LI Conflict was facilitative to the effectiveness of the which the decision is processesin 
decision reached and not detrimental to work group made project 
climate or motivabon. LJ Mainly subjective management 
LJ Adequacy of solution reached in satisfying all indicators as teams 
stakeholders effectiveness and 
" All viewpoints on the problem were sounded and adequacy of decision 
received adequate air-bme during group discussions processes is difficult to 
" All relevant viewpoints were represented by suitably parameterise in such a 
knowledgeable and empowered individuals way as to apply to all 
LJ All relevant information was available for the possible scenarios 
decision in question. 
L) Appropriate time and resources were allocated to 
gathering relevant information, analysing 
information, formulating alternatives and reaching an 
agreement on the best solution. 
LJ Availability of key stakeholders for decision- 
processes 
LJ Decision effectiveness - based upon success 
criteria 
LJ Awareness of implications of decision amongst 
stakeholders 
1 .4 
_1 Decision type indicators U Focuses upon e Developed as 
Situational LI Perceived bounded/unbounded nature of problem human decision-making generic 
appraisal] U Perceived complexity of problem process parameters for 
Problem L) Clarity of cause and effect relabonships/potental for L3 Measured at the project consideration 
definition novel and unpredictable interactions management work- regarding any 
L3 Interconnecfivfty of variables involved in decision group level or level at potential 
situation which the decision is decision issue 
L1 Availability of information regarding decision- made 
adequacy (e. g. effectiveness of decision is/is not J Mainly subjective 
immediately observable indicators as 
" Criticality of decision to project success effectiveness and 
" Scope of decision - how many separate project adequacy of decision 
processes it effects processes is difficult to 
LJ Level of stakeholders that must be involved parameterise in such a 
LJ Number of stakeholders that must be involved (level way as to apply to all 
of effort involved in communicabon) possible scenarios 
U Availability of previous relevant decision models - 
best practices 
U Amenability to standard operating procedures, 
formal rules and established procedures 
LJ Quantity of information available 
J Reliability of information available 
LJ Representativeness of information available (across 
all relevant perspectives) 
Ai. I _1 Effectiveness of risk analysis activities U Focuses upon human Developed to 
Risk LJ Number of unanticipated risks materialising during risk analysis Processes quantity risk 
identficati project phase, project history so far, or whole project L3 Measured at the project management 
on LI Perception of degree of adequacy of planned level activities 
contingent actions for mibgabng the negative effects LJ Mainly subjective 
of specific risks indicators due to 
U Rate/cycle time of risk mitigation activity from perception Of risk 
identificabon and specificabon of risk on the risk 
register, unfit completion of contingency 
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A2.2 Lffectivviw%-, of pvrform. m(. ý, (onfrol. )(tivinw. LJ Focuses upon human 
Performan LJ Percent of accomplished performance objectives at and organisational 
ce control unit and individual levels feedback and project 
U 
.. 
Rate of change in performance objectives during the control activities 
performance period at unit and individual levels L) Measured at the project 
LJ Profile of performance across unit objectives level 
J Profile of performance across individual objectives U Mainly objectively 
LJ Trends in development needs identified in identifiable criteria 
discussing performance 
LJ Percent of the workforce with performance problems 
U Progress against performance improvement plans 
LJ Time spent on performance management activities 
LJ Number of individuals or groups whose outstanding 
performance was recognized 
U Number and size of rewards 
U Time from proposing a recognition or reward until it 
is received 
__ ____ _ A2.3 Personnel commitment and motivation indicat ors L3 Focuses upon human 
Motivation The following items assess the degree of commitment motivational processes 
and and motivation for high performance within a project work and commitment to 
leadership group: project objectives 
U People feel that their future is linked to that of this LJ Measured at the project 
project. work group level through 
LJ Project personnel are happy to make sacrifices if it administration of survey 
would increase the success of the project. to individuals 
U Project personnel often go above and beyond the LJ Necessarily subjective 
call of duty to ensure success. indicators that measure 
LJ The bonds between the project and its personnel are experience of motivation 
weak. and commitment in the 
EJ Employees are fond of this project. work place 
U This project benefits from highly committed and 
dedicated personnel. 
L3 To what extent are project personnel committed to 
attaining the overall objectives of the project. 
U There is a high degree of awareness amongst 
project staff as to what the overall goals of the 
project are and how individual actions contribute to 
the overall success of the project. 
ýýA Rate of strategic reskilling U Focuses upon human 
Training U Time taken to develop/transform employees to competency 
and group required levels of competency development process 
develop- J Measured at the work 
ment group or organisabonal 
activities unit level 
LJ Objective indicator 
based upon training 
Strategic job coverage ratio LI Focuses upon human 
Step 1: Derive strategic job families from analysis of competency 
critical processes and activities (this stage outlines the development process 
role capabilities that are required to successfully LI Measured at the work 
implement new capability). group or organisational 
Step 2: Relate to broader market development strategy in unit level 
order to identify timescale for development of strategic job LJ Objective indicator 
coverage. based upon training 
Step 3: Identify 'competency profile' for each job family certification processes 
(unique skill sets required by each role). 
Step 4: Conduct inventory assessment to determine 
which employees are currently qualified or capable of 
being reskilled. 
Step 6: Create 'competency development strategy' (Wth 
formalised levels of attainment). 
Step 6: Measure strategic job coverage using the 
percentage of employees that meet required strategic 
Source 
Developed to 
quantity 
motivational 
variance in 
project work 
group 
Kaplan aMO 
Norton 0 996) 
96 Norton 09) 
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Tra ining and groul, lhý(Alvenvss Ll Measure, -. hurnan Curbs (2002) 
indicators competency 
0 Amount of training provided development processes 
LJ Rate of training against stated training needs and movement in human 
L3 Timeliness of training resources 
0 Cost of training Ll Measured at the project 
L) Retention of trained skills level 
L3 Improvements in learned skills LJ Includes subjective 
E3 Application of learned skills or behaviours in job judgements and more 
performance objective criteria 
L3 Quality of training as rated in student evaluations 
E3 Frequency of development discussions 
L3 Number and type of development opportunities 
arranged 
- - A2.5 Work Wo rkforce competency improvement activities Ll Ro-cuses-upon- - Curtis (2002) 
process L3 Amount of time or number of people involved in improvement processes 
improve- analysing workforce competencies or in collecting for human work 
ment competency information competency 
indicators L3 Number of workforce competencies defined 0 Measured at the project 
U Effectiveness of meeting milestones in analong or organisational unit 
workforce competencies or collecting competency level 
information L3 Mainly objective criteria 
C3 Amount of competency information collected with some items that 
D Period between updates of workforce competency may need to be 
analyses or competency information judgement based 
E3 Extent to which competency information is used in 
designing or tailoring workforce practices and 
performing workforce activities 
E3 Level of detail to which workforce competency 
descriptions are defined 
L3 Frequency and range of uses of workforce 
competency descriptions and competency 
information 
L3 Usability of workforce competency descriptions or 
competency information 
L3 Number of revisions made to workforce competency 
clescriptions 
L3 Number of corrections made to competency 
information 
_R1 -New Knowledge development and capture L3 Focuses upon Curbs (2002 
Knowledge D The rate and type of competency-based assets development of human 
being captured knowledge 
D 
.. 
Progress in packaging knowledge, experience, and U Measured at the project 
artefacts. into forms fit for dissemination and reuse level 
E3 The rate at which competency-based assets are Ll Mainly objective criteria 
disseminated through different sources with some items that 
L3 The rate at which different repositories of may need to be 
competency-based assets grow and are accessed judgement based 
[: 3 The rate at which competency-based assets are 
accessed 
L) The rate at which competency-based assets are 
incorporated into competency-based processes 
E3 Their effect on improving the rate of developing 
workforce competencies at the individual, 
workgroup, or organisational levels 
L3 Improved performance results at the individual, 
workgroup, unit, or organisational levels 
L3 Improved performance capability at the individual, 
workgroup, unit, or organisational levels 
L3 Increased motivation or retention 
_H2.1 Job- Job satisfaction survey L3 Focuses upon human Dimensions 
satisfact- LJ Degree of pay satisfaction occupational well-being from Spector 
ion L3 Opportunity for promotion satisfaction LJ Measured through (1985) 
E3 Satisfaction level for supervision survey of individuals 
" Satisfaction with non-pay related benefits 0 Measures the reported 
" Level of reward and recognition provided experience of individuals 
" Adequacy of operating procedures and therefore subjective 
L3 Level of satisfaction with co-workers judgements based 
L3 Meaningfulness and enjoyment in role 
L) Adequacy of communications 
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HOP Metric description, method sub-items and 
Soft focus, level of 
model , scales analysis and 
SC 
variable _ - - objectivity 1-12,2 11 1 11 1 loll '. kllvc, ý F LJ Focuses upon employee BAE S 
Employee Standardised employee opinion questionnaire to survey well-being and job- (B) 
well-being workforce attitudes at periodic intervals satisfaction 
LJ Measured at the 
organisational unit level 
K 
LI Sub qective opinions ®rk -H __5_W_ ý2 Continued viability LI Focus-esupon human Develc 
group LJ I would like to continue working with this team on work group development quantil 
viability/ future projects. LJ Measured at the work outcon 
cohesion LJ I have gained important skills and career benefits group or proj . ect work g 
through being a member of this work group. management team level functio 
LJ Overall, I find working in this group a rewarding U Employs subjective 
experience judgement items 
L3 The team's working practices and performance have 
become increasingly effective during the course of 
the project. 
LI The benefits and value that this group birings to the 
organisation will carry over onto future projects. 
L3 The performance of this work group is more 
determined by internal factors than external 
constraints. 
LJ This work group provides a motivating environment 
in which to work. 
U This group performs well and has met all 
performance targets and objectives 
Work qroup cohesion LJ Focuses upon human Devell: 
Work group cohesion is defined as the degree of liking or work group development quantif 
attraction between group members and their liking for the LJ Measured at the work outcon 
group itself. Relationship between cohesion and group or project work g 
performance is bi-directional, i. e. it may be a result of high management team level functio 
performance. LJ Employs subjective 
LJ This team is an effective and cohesive group. judgement items 
J Mutual respect for other group members exists 
within this group. 
LJ A real sense of 'team spirit' exists within this group. 
Morale within the group is generally high. 
LJ Other group members were helpful and supportive 
L3 I get a real sense of satisfaction from working in this 
group. 
_ _ - - - _ Resilience U F oc us e su po nh um a n Develc 
" The work group displays determination in the face of work group development quantif 
adversity and persistence in pursuing objectives L3 Measured at the work outcon 
" The work group maintains morale in the face of group or project work g 
setbacks The work group utilises internal conflict management team level functio 
productively to consider afternative courses of action LI Employs subjective 
" The work group utilises, negative responses judgement items 
productively and embraces the opportunity to leam 
from mishaps, error and negative experiences 
" The work group takes proactive steps to mitigate 
dsks before they become a serious threat. 
LJ The work group is easily deflected from pursuing 
i agreed objectives 
, urce 
ped to 
y social 
ies of 
roup 
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ped to 
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HOP Metric description, method, sub-items and 
Soft focus, level R 
model scales analysis and 
Source 
_variable 
objectivity 
H3 3 TrUSt Trust between orgar, t, U Focwvs upon human Developed to 
These measures are based upon social theory, which trust and confidence quantity 
holds that trust develops through repeated experience of between organisational confidencein 
successful interaction between actors and is often a entities or groups collaborating 
function of the anticipated requirement for future contact. L3 Measured at the work partners 
Trust indicators are based upon history of previous group level 
positive experiences. Trust develops over time as a U Objective criteria and 
result of experience, interaction and collaborative subjective judgement 
functioning between projects, individuals and based rating of reliability 
organisational entities. 
Ll Number of previous successful1unsuccessful 
collaborations between partners 
LJ Number of future anticipated collaborations (for 
example: number of scheduled collaborative review 
meetings) between partners 
LJ Level of information exchange and communication 
between collaborating partners 
Ll Perception of reliability of collaborating partner 
Ll Perception of integrity of collaborating partner 
" Perception of communication openness between 
collaborating partners 
" Perception of goal compatibility between 
collaborating partners. 
Project Earned Value Management LJ Focuses upon'hard' e. g. BAE 
perform- Standard project management technique for project technical parameters SYSTEMS (C); 
ance control which tracks'earned value' over time. Measures associated with cost, Slack et al 
criteria key operational performance parameters associated with quality and time (2001). 
budget and schedule performance. U Measured at the project 
level 
L) Incorporates objective 
criteria such as elapsed 
time and spend 
-- 
I 
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Appendix 1: Evaluative instrument response sheets 
The quantitative and qualitative items employed within sections of the soft metrics tool 
application and validation process are reproduced below on the subsequent pages. Section 
6 of the thesis provides a detailed methodological account of how this Instrument may be 
applied in case project analysis and rigure 6.4b In particular offers a concise summary of the 
purpose of each item within the instrument. For reference purposes, each measurement Item 
within the sections of the evaluative Instrument that follows are allocated an Identification 
number and factor title. Where the Items are quantitative In nature, the response scale Is also 
included. Scales utilised in the evaluative instrument Include Likert-type 'Agreement' scales 
and scales vvith continuous indices anchored by descriptive items at their poles. 
The sections within the evaluative Instrument vary in terms of whether they are applied at the 
level of the individual or work group. In application of the Instrument a group facilitator was 
employed to explain and administer the validation process and much useful Information was 
recorded from focus group discussions provoked by specific evaluative Items. Throughout the 
process, respondents were encouraged to qualify their responses with more elaborative, 
qualitative comments. In terms of the content of the evaluative instrument, section A employs 
qualitative items to describe key features of the project case, before section B items quantify 
performance achieved against a variety of operational outcome and human and 
organisational development criteria. Section C is used in conjunction with an influence 
mapping exercise that employs the HOP model framework and sample performance factors 
list, and is designed to assess the level of influence or 'criticality' of specific preconditions 
upon each of the main human work activities within the HOP model. Section D evaluates 
potential soft metrics that were identified to support specific performance issues and section E 
provides overall evaluative items for the integrated soft metrics tool and validation process. 
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Section A: Pr9ject case profile (Group level r sponses) 
ID Item Response 
Al Project aim 
What were/are the principle aims of the project? 
A2 Project duration 
What wasris the durabon of the project? 
A3 Project budget 
What wasris the projects total budget? 
A4 Work group size 
What wasfis the size of the principle project work group? 
AS Work process outline 
What wasris the general project work process? 
A6 Current status 
What stage Is the project currenify at? 
Section 13: Project performance outcomes (Group le vel responses) 
ID Item Response 
B1 Budget perfonnance 
In your opinion, to what degree has the project met the formal objectives set out 
for it? 
Budget performance scale: 
0% (the project ran over the planned budget early In Its life-cycle, did not 
recover, and closed with a significant over-spend) 
100% (the project functioned within planned costs throughout its life-cycle and 
closed within Initial budget estimates) 
If the project ran over budget for a significant period of time during its lifecycle, 
yet closed within initial estimates, the highest score assignable should be 90% 
B2 Schedule performance 
In your opinion, to what degree has the project met the formal objectives set out 
for it? 
Schedule performance scale: 
0% (the project ran behind the planned schedule from early In Its life-cycle, did 
not recover, and closed very late) 
100% (the project remained within planned schedule parameters throughout and 
dosed on time) 
If the project ran behind schedule for a significant period of time during Its 
I lifecycle, yet closed on time, the highest score assignable should be 90% 
B3 Functional performance 
In your opinion, to what degree has the project met the formal objectives set out 
for it? 
Functional performance scale: 
0% (the project achieved none of its objectives as specified within the functional 
requirements definition) 
100% (the project achieved all of its objectives as specified within the functional 
requirements definition) 
B4 Motivating environment 
In your opinion, to what degree was the project successful In contributing 
towards human and organisational development within the project team? 
The project provided a stimulating and motivating work environment for project 
personnel. 
Scale: 
I (Strongly disagree) 
10 (Strongly agree) 
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BS Formal training 
In your opinion, to what degree was the project successful In contributing 
towards human and organisational development within the project team? 
The project provided beneficial formal training for project personnel. 
Scale: 
I (Strongly disagree) 
10 (Strongly agree) 
Be Experience 
In your opinion, to what degree was the project successful In contributing 
towards human and organisational development within the project team? 
The project provided beneficial experience for project personnel 
Scale: 
I (Strongly disagree) 
I 10 (Strongly agree) 
B7 Collaborationtwork group climate 
In your opinion, to what degree was the project successful In contributing 
towards human and organisational development within the project team? 
The project developed a collaborative spirit and productive group-working 
climate 
Scale: 
I (Strongly disagree) 
I 10 (Strongly agree) 
B8 Knowledge 
In your opinion, to what degree was the project successful In contributing 
towards human and organisational development within the project team? 
The project contributed useful knowledge and competency to the organisation or 
its customers. 
Scale: 
I (Strongly disagree) 
I O(Stron ly agree) 
B9 Work process improvement 
In your opinion, to what degree was the project successful In contributing 
towards human and organisational development within the project team? 
The project generated knowledge forlstimulated development In processes and 
working practices. 
Scale: 
I (Strongly disagree) 
10 (Strongty agree) 
BIO Exceeding formal requirements 
To what extent do you think work performed In the project and the projects 
output/product was'high quality' and 'innovative'? 
The degree to which project work exceeded formal requirements set for It. 
Scale: 
I (Low achievement) 
I 10 (High achievement) 
B11 Innovaticm 
To what extent do you think work performed in the project and the projects 
output1product was'high quality and 'innovative'? 
The degree to which project work products represented innovative and creative 
solutions to difficult challenges. 
Scale: 
I (Low achievement) 
10 (High achievement) 
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B12 Commitment and persistence 
To what extent do you think work performed In the project and the projects 
output1product was'high quality' and'innovative'? 
The degree to which the project excelled In the face of overwhelming limitations 
and set-backs. 
Scale: 
I (Low achievemenQ 
10 (High achievement) 
B13 Novelty 
To what extent do you think work performed In the project and the projects 
output1product was 'high quality and 'innovative'? 
The degree to which the project has achieved something that has not been 
achieved before. 
Scale: 
I (Low achievement) 
10 (High achievement) 
B14 Customer satisfaction 
To what extent do you think work performed In the project and the projects 
output/product was'high quality' and'innovative'? 
The degree to which project customers reported high satisfaction with the 
project's deliverable. 
Scale: 
I (Low achievement) 
10 (High achievement) 
B16 World class quality 
To what extent do you think work performed In the project and the projects 
output/product was'high quality and'imovative'? 
The degree to which project work was of a 'world class' quality level. Scale: 
I (Low achievement) 
10 (High achievement) 
B16 Organisational asset 
To what extent do you think work performed In the project and the projects 
outpuVproductwas'high qualq and'innovative'? 
The degree to which the project was an asset to the organisation. 
Scale: 
1 (Low achievement) 
10 (High achievement) 
B17 Project management effectiveness 
Within externally Imposed constraints, In your opinion could the project have 
been more effectively planned and executed? 
Scale: 
I (Most aspects of the project and the way it was conducted could have been 
improved) 
1D (AJI aspects of the project and the way It was conducted were optimal and 
couldn't have been Improved) 
B18 Fulfilment of potential 
Within the external constraints Imposed upon the project (e. g., customer 
requirements, resources available), do you think the project achieved Its full 
potential? 
I Yes/No? 
B19 Overall success 
Overall and considering your responses to the above questions, how successful 
would you say the project was? 
Scale: 
I- Very unsuccessful 
10 - Highly successful 
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820 Soft versus hard Issues 
In your opinion, what proportion of the projects performance was Influenced by 
'soft, non-technical factors, relative to 'hard', technical factors? 
Scale: 
Percentage rating for hard versus soft factors (totalling 100%) 
Section C: Impact of preconditions (individual level responses) 
Note: Items are used In conjunction with Influence mapping exercise. Please complete one sheet for each Identified 
- precondition. 
' 
Precondition .............. ......................................................................... ID . Item Response Comments 
C11 Criticality 
How critical Is [precondition] as a determinant of overall 
project performance outcomes? 
Criticality scale: 
0 (Factor Is irrelevant) 
6 (Factor Is highly critical) 
C2 Frequency 
How frequently do performance Issues within the 
project arlse due to [precondition]? 
Frequency scale: 
0 (Never) 
6 (Constantly) 
C3 Task performance 
To what degree does [precondition] influence the 
project work group's ability to: 
Perform tasks effectively. 
Criticality scale: 
0 (Factor is irrelevant) 
6 (Factor is highly critical) 
C4 Communicaticm 
To what degree does [precondition] Influence the 
project work group's ability to: 
Communicate effectively. 
Criticality scale: 
0 (Factor is Irrelevant) 
16 (Factor Is highly criticao 
CS Task coordination 
To what degree does [precondition) Influence the 
project work group's ability to: 
Coordinate tasks effectively. 
Criticality scale: 
0 (Factor is irrelevant) 
16 (Factor Is highly critical) 
C6 Decision processes 
To what degree does [precondition] Influence the 
project work group's ability to: 
Make effective decisions. 
Criticality scale: 
0 (Factor is irrelevant) 
16 (Factor Is highly critical) 
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C7 Risk management 
To what degree does [precondition) Influence the 
project work group's ability to: 
Manage risks effectively. 
Criticality scale: 
0 (Factor Is Irrelevant) 
6 (Fact r Is highly critical) 
Ca Performance control 
To what degree does [precondition) Influence the 
project work group's ability to: 
Monitor and control performance. 
Criticality scale: 
0 (Factor Is Irrelevant) 
6 (Factor Is highly critical) 
C9 Motivation and leadership 
To what degree does [precondition] Influence the 
project work group's ability to: 
Provide effective motivation and leadership. 
Criticality scale: 
0 (Factor is Irrelevant) 
1 6 (Factor Is highly crifical) 
CIO Training and development 
To what degree does [precondition] Influence the 
project work group's ability to: 
Support training needs and group development. 
Criticality scale: 
0 (Factor is Irrelevant) 
6 (Factor Is highly critical) 
C111 Work process improvement 
To what degree does [precondition] influence the 
project work group's ability to: 
Evaluate and improve work processes. 
Criticality scale: 
0 (Factor Is Irrelevant) 
6 (Factor Is highly critical) 
C12 Change management 
To what degree does [precondition] Influence the 
project work group's ability to: 
Effectively manage and Integrate change. 
Criticality scale: 
0 (Factor Is Irrelevant) 
1 6 (Factor Is highly critical) 
C13 Additional mechanisms X 
Are there any other mechanisms you can think of by 
which [precondition] Influences project performance? 
Qualitative response 
C14 Existing methods 
In your general experience of project management, 
have you employed methods to measure [precondition] 
In project operations? 
Yes/No 
CIS Method effectiveness 
If response to CI 4 Is'yes, how effective would you say 
these toolstmethods were in measuring and controlling 
[precondition]? 
Effectiveness scale: 
I (Virtually Ineffective) 
I 10 (Highly effective) 
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Section D: Metrics examples and evaluation (individual level responses) Note: please complete one sheet for each metric presented 
Metric ............................................................................................. ID I Items Response Comment 
D11 Metric effectiveness 
How effective would you say this metdc/method Is In 
measuring and controlling [performance factor]? 
Effectiveness scale: 
I (Virtually Ineffective) 
10 (Highly effective) 
D2 Metric feasibility 
Would you have used this measure? Please consider 
the practicality and effort Involved. 
YestNo 
D3 Metric application X 
When In the project lifecycle do you think this measure 
should be employed? 
Qualitative response: e. g. 
Project planning? 
After changes to the plan? 
At periodic reviews? 
More frequently/Continual tracking? 
Other? 
D4 Metric benefits X 
If you had used this measure, what difference would it 
have made? 
Qualitative response 
Section E: Evaluation of exercise and methodology (Individual level 
responses) 
ID Item Response Comments 
Ell Case-specific usefulness 
How useful has this exercise been In analysing soft 
factors In your project? 
I (Not very useful) 
10 (Very useful) 
In general, how useful do you think the soft metrics tool (Model, Metrics and Method) Is 
for analysis and control of soft performance Issues in projects? 
Please respond against the following dimensions: 
E2 Scope and comprehensiveness 
1 (Low) 
10 (High) 
E3 Practicality and feasibility 
I (Low) 
10 (High) 
E4 Overall effectiveness 
1 (Low) 
10 (High) 
To what extent do you agree with the following statements? 
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ES Communication of aims 
The aims and purpose of the exercise were clearly 
communicated. 
I (Strongly disagree) 
10 (Strongly agree) 
ES Plan clarity 
The plan and process for the exercise was logical and 
clear. 
I (Strongly disagree) 
10 (Strongly agree) 
E7 Language accessibility 
The language and terminology used within the model 
and documentation was accessible. 
I (Strongly disagree) 
10 (Strongly agree) 
E8 Level of detail 
The presentation material and resources were of 
adequate detail 
1 (Strongly disagree) 
10 (Strongly agree) 
343 
Appendix J: Influence map template 
The figure on the following page comprises the actual HOP model Influence mapping 
template used In section C of the validation case studies to map dependencies between 
specific project preconditions and outcome factors. These dependencies are mediated by 
specific human behaviours in the work place and causal paths between preconditions and 
outcomes are therefore traced through key 'human performance activities'. To support the 
analysis of human and organisational influences upon project performance In the Influence 
mapping exercise, two further analytical activities were undertaken: 1) Identification of 
direction of influence between precondition and outcome factors, Le. whether the variables In 
question were positively or negatively associated, and 2) judgement-based rating of level of 
criticality of an Identified precondition for effective human performance activities. More details 
regarding methodological considerations in the influence mapping exercise may be found In 
section 6.4.4, within the main text of this thesis. 
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Appendix K: Example output from HOP model influence mapping 
exercise 
In the figures below, two influence maps from the validation studies are reproduced to 
illustrate the output from utilisation of the HOP modelling framework in section C of the 
validation process. Causal chains are traced through the three cAasses of variables Wthin the 
model to describe specific performance issues inherent in an applied project context. This 
process allows 'upstream' preconditions to be linked to 'downstream' project performance 
outcomes through specific human performance activities. In the exercise, dependent 
influences for specific preconditions are colour-coded for ease of identification. Specific 
causal chains identified within the soft metrics project case studies are outlined in more detail 
in the thesis text (section 7.3). Evident from the influence maps depicted below is the high 
dependency of operational performance upon human behaviour in the work environment, as 
is indicated by the intensity of activity within the human performance class of variables. This 
high level of activity also suggests high sensitivity of human performance to characteristics 
inherent in the sociotechnical organisational system and working environment. 
Project Preconditions Human Performance Project Outcomes 
Fiew pMft ory-1800"M -, Qwwk kww weft wedbe ft" pvftý wow% 
Q-10"Ift-W Qaý Tolk pwlwý S*A*AD 0 
T"l Truet am" pwftý # 
COVONOW p"'M "d* 
* 
Wilk "Moft 
Supp" IN 
AWAIft SNOW " 
P. Ow work p. 
/ 
" "M 
dwwwb*e . Md ads* KM-bdp MA pftýewbw poem 
Am Claw "M ow 
wq Mo- C4jwMpS 
QmWmw" dWWW 
COM6WI&M 
T. - 
b. 00M. 0 K&A, 
pb, -v A 
F 0%0 
- 00 do OW 
plalec wWk0vg@nlGSd- A 
TVMWM 
pt0Jb4Vq§pWWb=M* CW* 
Sw"M ftr Weft 
81"now 
ACON66ft of ý. 
SdbM 
a 
To* dw*MPWM 0196ow"Ift. d 
Tak Prow" 
wM 
J 
ýý 
:a blý 
&MM ý T 
T. 
_ Mopobn 
% 
NO 
T" 
T=k rM T 
TOM MAOtSAW WAWRWN" 
M* Nbt* T - Udkaw & looftoo 
so w 9%, TFW&4 a row appoupm" 
- 
Chm" Nolvan 
GoW dame"MkO81616A"" Gi 
AMON" SMOCOW In 
WI*vw 
AMM06ft ol W. W 
AMC&MMM 
F~ drAbW 
346 
Project Preconditions Human Performance Project Outcomes 
p woft Orveniandormd ra-w aýi huý Work &VOWNIM PIG* pulm IM Gf%KM 
OPvwdwM@W *Awe Too palm loom $Cots" I '. --- 
Tf" F. 11,11101W 9~ P& IN MMOB 
r OAM 
8 
W~GM 
00PO low Wok wAnvy 
sow I& CO 0 
Ammwft WvAwft wwvwf~ I O I 
P. work group (kmn,, cW bw kw 
. .. 
W M 
, " f4m htl ., A. 
, Ow IN A -- F, , Hn FI. IR ft waod .. KrAwIldp ~1 -I SOOM donew P* 
Rep. 
T 
n0 r hw" 4 
Qmpw"" Cirneb KSA'*%~ CO&W 
GFOUP Weis AvelebOy Gra m" PMOMM 
Talk 
PIN 
No. perftmý WPM 
m NWA WV4GkWRW 
Cle-ft 
C'M a '".. 
skoftw 
deann" ModweSon A IN 
F-, 
Fol vokbw 
I"a 
F 
An~lemnoon of 41 
WAR p work emu 
Owe" 
on 
ev6klaw 
Chwft SUPOW wwk 
kpas &A-w -01 
pw nava" Or"nMOOD" Guam 
. Took ob"RWNMR Of' ,b . PtW&ftrbb - "No A 
Twk IIsII plowbiod OWSUmsen AMudw & befth - 
Talk ConMFMM" Budo"y . 00 -1 e 
Twk Fewýy TeRvoral Cor" 
Tno 
Talk C1 01 Munw .., - qft m I@ 
Talk On TOCIVIOWOW F, -& 
Tnk No -- hdaffaVonal TO" sMI 
Tak COMOSWIV npI", 111WCUSOWAVIOft 
' 
MOOPIMM AI IF 
Talk VOft N "--Gl I TM"49MWPAS '00 
0 Wel be&@* padol" 
WWWwd VAWWWW Pwsw dW&ftAvR 
VVwk peý alp. a 
- ChWW -. 
VARI 
of dwWow4fte" 
AMINW" abolOd ID 
Ade*AM ~ -ok W" 
CArly Aconbft of Owdw 
FWFW Ouchn 
kdwww ftow II 
347 
Appendix L: Raw quantitative data from validation studies 
The ra%W quantitative data from sections B, C and E of the validation case studies Is Included 
within the tables below. Within the tables, the evaluative Items am summarlsed with an 
identification number and factor title linked to Individual items within the evaluative Instrument 
(see appendix I for further information regarding the evaluative Items, Including the 
measurement scales employed for quantification). Note that only quantitative data Is reported 
here; the qualitative information gained from focus group discussion of the evaluative Items is 
reported within section 7 of the thesis text. Within the validation process, sections A and D 
were predominantly qualitative In nature and the results for these exercises may be found in 
sections 7.1 and 7.4, respectively. 
Within the tables, the three case systems engineering projects studied are coded: SEPI, 
SEP2 and SEP3. Section B recorded single scores against evaluative Items In each project 
case study, based upon group discussion amongst respondents to arrive at a satisfactory 
overall score for each measure. Accordingly, the table of section B data shows the actual 
responses recorded in each project, by evaluative item. The table of data for section C of the 
case studies reports criticality ratings made by each respondent (1111. R2. etc. ), for specific 
preconditions that were identified as important performance factors within each project. The 
critical preconditions identified by each project are coded and directly relate to the 
performance factors within the HOP modelling framework (see rigure 5.1.1c for reference, In 
the thesis text). Responses made by individual respondents against evaluative criteria In 
section E of the validation process are reported in the table, with respondents grouped by 
project. Throughout the tables that follow, missing data against evaluative Items Is signified 
by the presence of an X character. 
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Section B data: Prolect nerformance outcomes 
Items Responses 
ID Description SEPI SEP2 SEP3 
B1 Budqet performance 90% 90% 100% 
B2 Schedule performance 85% 70% 95% 
B3 Functional performance 60% 75% 100% 
B4 , Motivating environment 8 8 9 B5 Formal training_ 4.5 7 1 
B6 Experience 8 7 8 
B7 Collaborationtwork 
group climate 
5.5 7 6 
B8 Knowledge 8 7 9 
B9 9 Work process 
improvement X 7 7 
BIO Exceeding formal 
requirements 
7.5 4 8 
B11 Innovation 8 5 9 
B12 Commitment ana 
Dersistence 
8 6 8 
B13 Novelty 9 7 9 
B14 Customer satisfaction 6 2 8 
B15 World class quality 7 7 8 
16 Organisational asset 9 5 X 
B17 Project management 
effectiveness 
5 7 7 
19 B19 Overall success 
B20 Soft versus hard issues 50-50 75-25 1 40-60 
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